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PREFACE TO THE FIFTH EDITION. 



Ik this Fifbh Edition some Tables have been added, and the 
vhole Work has been carefully revised. 

B. F. B. 
LoNDOW, Aprilj 1876. 



PEEFACE. 



The object of this book is to provide, in moderate bulk, a oolleo- 
tion of Bides and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the usefal arts, and especially in engineering and practical 
mechanics. The use of algebraical symbols is avoided, except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of well-known quantities, such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughout ; the circumferences and areas of circles may be relied 
ou to the last figure. The table of trigonometrical functions con- 
sists of only a single page; but it is sufficient, nevertheless, for the 
solution of such problems in practical mechanics as involve the use 
of those fonctions j for purposes of Geodesy, the only proper trig- 
onometrical tables are such as fill a large part of a bulky volume. 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measurement of the areas 
of surfaces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the Measures^ commonly so c»Etlled, of 
different nations, and contains tables and rules relating not opily 
to measures of angles, time, length, surface, volume, weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
and heat. The values of the various units of measure mentioned 
are compared with the standards of the British legal system, and 
of the metrical Efystem (whose use is now permitted in Britain) ; 
and those standards are compared with each other according to the 
best authorities — viz., the paper of Mr. Aiiy, Astronomer-BoyaU 
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on " Standards of Measure," and that of Professor Miller on the 
"Standard Pound." (In the Second Edition, those comparisons 
were brought into conformity with the work of Captain Clarke, 
R JL, on " Standards of Length"). 

The Third Part relates to Engineering Geodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of railway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, <fec. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machinery. In the course of this Part^ rules are 
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given for the resistance of carriages on roads and railwajs, the 
tractive power of locomotives, and the roling gradients of railways. 
The Fart concludes with rules as to the power of horses and other 
animals, and of men, and a table of the qoantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the dischaige from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Part relates to Heat and the Steam Engina It con- 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained^ for determining the relations between work done and 
heat expended in any actual or proposed steam engine. Those 
are followed by rules for fixing the leading dimensions of the 
principal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel: for the eflGlciency and dimensions of furnaces and boilers; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the use of which much of the labour of calculation may 
be saved; and this is followed by a very full alphabetical index. 

In this Third Edition various corrections, amendments, and 
additions have been made. 

W. J. M. IL 

Glasgow VifivMssiTr, 1868. 



VI 



Addenda. 



iipproziiiiate Rales for Safety Talres. (See also p. 303.)— To 
find the area of actual opening required. Divide the area of 
heating surface in square feet by 3 (or the area in square inches 
by 432) ; divide the quotient by the absolute pressure in pounds 
on the square inch : the final quotient will be the area required 
in fractions of a square inch. 

N,B, — This is based on experiments made with circular valves 
having a lift not exceeding -^ of diameter. 

Given the proportion of lilt to diameter and the area of opening 
to find the area of the circular valve seat. Multiply the area of 
opening by \ of the ratio in which the diameter is greater than the 
lift. Special rules for valves in which, with a pressure of 10 pounds 
above the atmosphere, the valve is to rise not more than ^ of the 
diameter of the valve seat. To find the area of the circular valve 
seat. Divide the area of heating surface by 2000 ; the quotient will 
be in the same sort of measure with the area of the heating surface. 
To insure the same proportionate rise with a greater minimum pres- 
sure, the area shoidd be varied inversely as the absolute pressure. 
To insure the same proportionate rise with a less minimum pressure, 
the area of valve seat should be made to vary inversely as the square 
root of the effective TnininnuTn pressure above the atmosphere. 

Proportions of British and French Measares.— In the Compara- 
tive Tables of Measures contained in this volume, the value of 
the standard metre in inches is taken as ascertained at the 
British Ordnance Survey Office, viz., 39-37043. 

Such is the true scientific value of the metre : it has been shown, 
however, by the British Commission on Standards (see Appendix 
to Fifth Report, p. 198) that the commercial metre, owing to ex- 
pansion by heat, is longer than the scientific metre, being 39*38203 
inches. The difference is 0*0116 of an inch in each metre; that 
is to say, very nearly 0*295 millimetres in a metre. 

Standard Oallon.—In the Act of Parliament relating to this 
subject the definition of the gallon as being the capacity of 10 lbs. 
of pure water at 62° Fahr. is that first given, and is obviously to be 
always followed when practicable. The alternative definition of 
277*274 cubic inches is given as a means of determining the 
gallon when the first-mentioned method is impracticable. The 
second definition, however, is by far the more frequent in popular 
and even in scientific use. It makes the gallon greater than the 
first definition does in the proportion very nearly of 1*00054 : 1. 

Fluid Ounce.— By an Order in Council, of the year 1871, a fluid 
ounce is recognized as being one-one-hundred-and-sixtyth of a 
gallon. 
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PART I. c -r'^ 

NUMBERS AND FIOUREl* 

s 

Table 1. — Squabes, Cubes, Rbcipbocals, ANDSSoioiiS^' 
LooABrrmiB of Nuxbebs fbom 101 to 999. 

Explahatiov. 

Sqwvresy Cubes, and RedprocdU^ 

1. The square^ cube^ and reciprocal of 1 are each of them I. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 = 100; 100«= 10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the original number; for example, 
102 = 1000 ; 1002 = 1000000, he 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the oiiginal number 
eontains. For example, 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column, take the square and cube opposite to it 
and omit the noughts from the right of each of them. For example; 
to find the square and cube of 15; look for 150; then we find 





Nomber. 




Square. 
22500 


Cube. 
3375000 


from 'whicb, 


omitting 


the 


noughts, we 


obtain 




IS 




225 


3375 
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Again, to find the square and cube of 7, look for 700; then we 
find 

Number. Square. Cube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

1 49 343 

6. To find the square and c\ibe of a number consisting of three 
figures followed by noughts; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example, 

Nmnber. Sqxiare. Cube. 

377 I42129 53582633 

3770 142 I 2900 53582633000 

37700 X42 I 290000 53582633000000 

and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example. 

Cube. 

53582633 

53582633 

53582633 

•053582633 

•000053582633 

8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the right of 
the original number, a nought is to be inserted at the left of the 
reciprocal ; and for every place of decimals that is cut off at the 
right of the original number, the decimal point is to be shifted one 
place to the right in the reciprocal For example, 

Ntimber. BeciprooaL 

160 '00625 

1600 '000625 

16000 '0000625 

and so on; 

16 -0625 

1-6 -625 

•16 625 

'016 62-5 

•0016 625 

and so on. 



Number. 


Square. 


377 


I42129 


377 


I421'29 


377 


14*2129 


•377 


'I42I29 


•0377 


•OOI42I29 




and SO on. 
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9. The reciprocal of tfe netptoetl of a mmlwr k the ongiiMl 

number itBel£ For example, 

The ledpiocal of t6o is *oo6a5 
The reciprocal of xx>6a5 ib i6o 

Hence, wlien oonvenieiit, iiie reciprocal of a number may some- 
times be ^mnd hj looking for the number in the column of reci- 
procals, and the redprocu in the column of original numbers. 

10. To reduce a vulgar fraction to a decimal fraction; multiply 
the reciprocal of the dencMninater of tiie Tulgar fraction by ihe 
numerator. For example^ to reduce ll-lSths to a decimal 
fraction j 

Beciint>cal of i6, ^a5 

X Numerator, - ii 

•6875 Answer, 

KoTE. — The only numbers whose reciprocals can be expressed 
.exactly in decimal fractions are 2, 5, and their powers and pro- 
dact& Numbers divisiUe by any other prime £skctor give either 
repeating or circulating decimals as their reciprocals 

1 1. The square of the j»oduct of two numbers is the product of 
their squares ; the cube of their product is the product of their cubca 
For example, 

1993«=(999x2)»=999«x2« 

= 998001x4 = 3992004; 

1998« = (999x2)8=999»x2» 

= 997002999 x 8 = 7976023992. 

12. To find the square or cube of a quotient or fraction; divide 
the square or cube of the dividend or numerator by the square or 
cube of the divisor or denominator. For example, 

^99_9y^9g3^9J7002999^,246«5374.87«. 

13. To find thesquareofthesufti of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 25; 

37700*= 1421390000 

25*= 625 

37700 X 25 X 2 = 1885000 

37725« =1423175625 &«». 

14. To find the square of the difference of two numben; from 
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the sum of their squares subtract twice their product Example : 
to find the square of 37725 = 37800 - 75; 

378002 = 1428840000 
75^= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtracted. 

37725« (as before) 1423175625 Remainder. 

15. To find the cube of the sum of two numbers ; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25; 

377008 = 53582633000000 
258= 15625 

377002 X 25 X 3 

= 1421290000 X 25 X 3 = 106596750000 
37700 X 252 X 3 = 70687500 

377258= 53689300453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75; 

378008 = 54010152000000 
37800 X 752 X 3 = 637875000 



753= 421875 

75 X 378002 X 3 = 321489000000 



54010789875000 Sum. 
321489421875 Sum, 



377258 (as before) 53689300453125 Diff. 

Eodtradion of Square and Cube Roots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commenciug 
at the right, the lefb-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 
' 18. To find the square root of an exact square of not more than 
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six figures; divide the given square into periods of two figures, 
beginning at the decimal point; look in the column of squares for 
the same figures, similarly divided into periods; the root will be 
opposite. Then place the decimal point so that ^e root shall have 
the same number of int^r figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
glFen number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square thcU has the same left-hand period with the given number ; the 
root opposite that square will give the first three figures of the 
required root Then place the decimal point as directed in 
Rule 18. 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to five places of figures. For the first three figures, take the root 
of that square in the table which is next below the given number, 
and hoe its left-hand period the same. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in the quotient^ insert a nought 
before it.) 

Examples of Eulbs 18, 19, and 20. 

L Extract the square root of 1421-29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares in the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; which is there- 
fore 37-7. 

IL Extract the approximate square root of 1423*18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -la 

Given number, 14 23 '18 

Nearest square of which the )-»a oi .99 _ 37.72 
left-hand period is 14, j 

Therefore 37 '7 is the approximate root required. 

TTT, Extract the approximate square root of 142348| correct to. 
five figures; 
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Given number, in periods as before, 14 23 *18 

Next less square in the table, 14 21 '29 = 3772 

Divide by 377 + 378 = 755 ) 1 8900 Diffl 

Qaotient^ being the two additional figures required, 25; 
37*725, approximate root. 

KOTIL — ^It is essential that the left-hvnd period^ and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given l^e same kfb-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand period is 
only 1 instead of 14; and it would be a great error to take 119 as 
an approximation to the root required. 

The same remark applies to the iTiles for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into periods of three figures, 
beginning at the decimal point; look in the column of cubes for 
the same figures similariy divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cul^i, correct to three figures; divide the 
given number into periods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube that lias the 8ame l^-hand period with the given number; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
having three periods of figures that is not an exact cube, correct 
to five places of figures. For the first three figures, take ihe root 
of that cube in the table which is next below the given number, 
and has its left-hand period the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there be 
but one integer figure in l^e quotient, insert a nought before it). 

Examples of Rtti^es 21, 22, and 23. 

I. Extract the cube root of 53-582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
53-582 633. Then aiBieiigst the cvbes in the taUe whose left-hand 
period 1953 theieis found 53 5^ 63% the cube cf 377; so that the 
given number is an exact cube. The dedmai point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second periods in the root; 
which is therefore 3*77. 

II. ExtnM!t the approximate cube root of 53*6893, correct to 
three figores. Diviae the number into periods of three figorei^ 
thus, 53-689 300. Then we have, 

Given number, 53* 689 300 

I^earest cube of which the ) r^. roa i«oQ i.nnt 
left-hand period is 53,.. r^ ^^^ 633-3-77« 

Therefore 3*77 is the approximate root required, 
m. Extract the approximate cube root of 53^893, correct ta 

five figures. 
Given number, in periods as before,... 53* 689 300 
Next less cube in the table, . 53- 582 633 = 3-77^ 

Divide by 377 ) 106 667 00 Dif. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

QnoitieDt, being the two additional figures required, 25 
3*7725, approximate root. 

Ute o/Squarea/or MtdUplteaiiark 

24. To multiply two numbers together by means of a table of 
8quare& 

Case L If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difierence; the 
remainder will be the product required. 

Case IL If one number is odd, and the other even ; subtract 
1 fiom the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to l^eir product add the first odd number; the sum 
will be the product required. 

Example I.— Multiply together 377 and 591 

968 
Half-sum, -^ = 484 ; its square, 234256 

214 
Half-diffl, fil t= 107 ; its square, 1 1449 

Product required, 222807 

Example IL— Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 
Add 377 

Product required, 223184 
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Common Logariihms. 

25. The logarithm of 1 is 0. 

26. The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in &e power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of *1 is — 1, and that of any power 
of '1 is the index of that power with the n^ative sign; that is, it 
is equal to one more ihsji the number of noughts between the 
decimal point and the figure 1, with the n^ative sign ; for example, 
the common logarithm of 01 is— 2; that of •001,-' 3; and so on. 

28. The logarithms given in the table ai-e merely the fractional 
parts of the logarithms, correct to five places of decimals, without 
the int^ral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the conmion logarithm of a number not less than 
1 is one less than the number of int^er places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the iudex is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
n^ative sign is usually written above instead of before the index ; 
that is to say, for numbers less than 1 and not less than '1, the 
index is 1; for numbers less than *1 and not less than *01, the 
index is 2; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists, and not upon the place of the decimal point amongst 
them. 



Examples. 




Number. 


Logarithm. 


377000 


S-57<S34 


37700 


4-57634 


3770 


3-57634 


377 


2-57634 


377 


1-57634 


377 


0-57634 


•377 


1-57634 


•0377 


£•57634 


•00377 


3-57634 


and so on. 
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29. The logarithm of a product is the sum of the logarithms of 

its &CtOT8. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by subtracting the 
logarithm of Uie divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by dividing the logarithm 
of one of its powers by the index of that power. 

Note. — In applying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that negative indices are 
to be subtracted instead of being added, and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a n^ative index to the logarithm of a fi:uction, the complement 
(as it is called) of that index to 10; that is to say, 9 instead of T, 
8 instead of?, 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10+ to it; for example, 

Vn«n>w»*. Logarithm with Logarithm with 

wumDer. Negative Index. Oomplemexitary Index. 

•377 1-57634 -10 + 9-57634 

-0377 2-57634 -10 + 8-57634 

•00377 3-57634 -10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient voll be a correction, to 
be added to the logarithm already found. 

Example. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

X 25 + 100 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Ansioer. 

35. To find the natural number, or antihgarithmy corresponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next less, and the next greater logjBixitlbm ydi 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Sabtract the next less logarithm from the given logarithm; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first <^ those figures may be a 
nought.) 

E xa mple. — Find the antilogarithm of the common logarithm 
-57663. 

Next less log. in table, 57634 

Next greater, 57749 

Difference, 115 

Given logarithm, 57663 

Subtract log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

flo that the answer is 37725. 



Explanation op Table 1a and Table 2. 

Table 1 a, immediately foUowiug Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive 



11 



Nou 


Stiuare. 


Cube. 


Reciprocal 


CLoc. 


XOI 


I 02 01 


I 030 30X 


•009900990 


00432 


X03 


XO404 


X 061 208 


"009803922 


00860 


103 


..• I 06 09 


... X 092 727 


-009708738 


01284 


104 


I 08 16 


X 124864 


•009615385 


01703 


105 


11025 


I 157 625 


•009523810 


O2II9 


X06 


.^ X 12 36 


... X 191 016 


-009433962 


02531 


107 


XI449 


1225043 


•009345794 


02938 


108 


I 1004 


X 259712 


•o<>9259259 


03342 


109 


... X 18 8x 


... X 295 029 


"009174312 


03743 


no 


12100 


X 331 000 


"009090909 


04139 


III 


I 23*1 


X 367 631 


•009009009 


0453a 


112 


... X 25 44 


... X 404 928 


x>o892857i 


04922 


"3 


X2769 


X 442 897 


•008849553 


05308 


"4 


X2996 


1 481 544 


•008771930 


05690 


"5 


.- 1 32 25 


... X 520 875 


"008695652 


06070 


116 


13456 


X 560 896 


•008620690 


06446 


117 


13689 


X 601 613 


•008547009 


06819 


118 


... X 39 24 


... X 643 032 


008474576 


07188 


119 


1416X 


X 685 159 


•008403361 


07555 


120 


14400 


X 728 000 


•008333333 


07918 


lai 


... X 46 41 


... X 771 561 


"008264463 


08279 


12a 


14884 


1 815 848 


•008196721 


08636 


123 


1 51 29 


X 860 867 


"008130081 


08991 


124 


...15376 


... X 906624 


'008064516 


09342 


125 


15625 


I 953 125 


"008000000 


09691 


126 


15876 


2 000 376 


•007936508 


10037 


127 


... I 61 29 


... 2048383 


"007874016 


10380 


128 


16384 


2 097 152 


•007812500 


IO721 


129 


I 66 41 


2146689 


•007751938 


1 1059 


130 


... 16900 


... 2 197 000 


-007692308 


"394 


131 


1716X 


2 248 091 


•007633588 


11727 


132 


17424 


2 299 968 


^ •007575758 


12057 


133 


... 17689 


...2352637 


-007518797 


12385 


134 


17956 


2 406 104 


•007462687 


12710 


135 


18225 


2460375 


•007407407 


13033 


136 


... 1 84 96 


... 2515456 


007352941 


13354 


137 


18769 


2571353 


•007299270 


13672 


138 


19044 


2628072 


•007246377 


13988 


139 


... I 93 21 


... 2685619 


•007194245 


14301 


140 


X 9600 


2 744 000 


•007142857 


14613 


141 


I 98 81 


2 803 221 


•007092199 


14922 


142 


... 2 01 64 


... 2 863 288 


^007042254 


15229 


143 


20449 


2 924 207 


•006993007 


15534 


»44 


20736 


2 985 984 


•006944444 


15836 


145 


2 1025 


3 048 625 


•00689655a 


i i^^^l \ 



Na 


Square. 


Cube. 


Reciprocal. 


C. Log. 


146 


2 13 16 


3 ^12 136 


•006849315 


16435 


H7 


2 1609 


3176523 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


006756757 


17026 


149 


2 22 01 


3 307 949 


•0067 1 1 409 


17319 


150 


22500 


3 375 000 


•006666667 


17609 


151 


... 2 2801 


... 3442951 


-006622517 


17898 


152 


23104 


3 51 1 808 


•006578947 


18184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 237 16 


... 3652264 


-006493506 


18752 


155 


24025 


3723875 


-OO6451613 


19033 


156 


24336 


3796416 


-006410256 


I9312 


157 


... 24649 


... 3869893 


-006369427 


19590 


158 


24964 


3944312 


•006329114 


19866 


159 


25281 


4019679 


•006289308 


20140 


160 


... 25600 


... 4096000 


-006250000 


20412 


161 


25921 


4 173 281 


-0062 II 180 


20683 


162 


26244 


4251528 


-006172840 


20952 


163 


... 26569 


- 4330747 


-006134969 


21219 


164 


26896 


44^0944 


-006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


... 4574296 


^006024096 


220II 


167 


27889 


4657463 


•005988024 


22272 


168 


28224 


4741632 


•005952381 


22531 


169 


• .. 28561 


... 4826809 


-005917160 


22789 


170 


28900 


4913000 


•005882353 


23045 


171 


29241 


5000 211 


•005847953 


23300 


173 


... 29584 


... 5088448 


-005813953 


23553 


173 


29929 


5177717 


•005780347 


23805 


174 


30276 


5268024 


•005747126 


24055 


175 


... 30625 


••• 5 359 375 


-005714286 


24304 


176 


30976 


5451776 


•OO5681818 


24551 


177 


31329 


5 545 233 


•005649718 


24797 


178 


...31684 


...5639752 


-005617978 


25042 


179 


32041 


5 735 339 


•005586592 


25285 


180 


32400 


5 832 000 


•005555556 


25527 


181 


... 32761 


... 5929741 


-005524862 


25768 


183 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6128487 


•005464481 


26245 


184 


...33856 


... 6229504 


^005434783 


26482 


185 


34225 


6 331 625 


•005405405 


26717 


186 


34596 


6434856 


•005376344 


26951 


187 


... 34969 


... 6539203 


-005347594 


27184 


188 


3 53 44 


6644672 


•005319149 


27416 


189 


35721 


6751 269 


•005291005 


27646 


190 


361 00 


6 859 000 


•005263158 


27875 
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No. 


Sqime. 


Cube. 




CLoc. 


191 


36481 


6967871 


•60523560J 


28103 


192 


36864 


7 077 888 


•005208333 


28330 


193 


•.. 37249 


... 7189057 


-005181347 


28556 


194 


37636 


7 301 384 


•005154639 


J8780 


195 


38025 


7414875 


•005128205 


29003 


196 


...38416 


- 7529536 


-005102041 


29226 


197 


38809 


7645373 


•005076142 


29447 


198 


39204 


7 762 392 


•005050505 


29667 


199 


... 39601 


... 7880599 


005025126 


29885 


200 


40000 


8000000 


•005000000 


30103 


201 


40401 


8120601 


•004975124 


30320 


202 


... 40804 


... 8242408 


004950495 


30535 


203 


41209 


8365427 


•004926108 


30750 


204 


41616 


8 489 664 


•00490 1 96 1 


30963 


205 


... 42025 


... 8615 125 


'004878049 


3II75 


200 


42436 


8 741 816 


•004854369 


31387 


207 


42849 


8869743 


•004830918 


31597 


208 


...43264 


... 8998912 


'004807692 


31806 


209 


43681 


9129329 


•004784689 


32015 


210 


44100 


9 261 000 


•004761905 


32222 


211 


... 44521 


- 9393931 


004739336 


32428 


212 


4 49 44 


9528128 


•0047 1 698 1 


32634 


213 


45369 


9663597 


•004694836 


32838 


214 


...45796 


... 9800344 


^004672897 


33041 


215 


46225 


9938375 


•00465 1 1 63 


33244 


216 


46656 


10077696 


•004629630 


33445 


217 


... 47089 


...10218313 


-004608295 


33646 


218 


47524 


10360232 


•004587156 


33846 


219 


47961 


10503459 


•004566210 


34044 


220 


... 48400 


...10648000 


-004545455 


34242 


221 


48841 


10 793 861 


•004524887 


34439 


222 


49284 


10 941 048 


•004504505 


34635 


223 


...49729 


...II 089 567 


-004484305 


34830 


224 


50176 


II 239424 


-004464286 


35025 


225 


50625 


II 390 625 


•004444444 


35218 


226 


... 51076 


...II 543 176 


-004424779 


35411 


227 


51529 


II 697 083 


•004405286 


35603 


228 


51984 


II 852 352 


•004385965 


35793 


229 


... 52441 


...12008989 


-004366812 


35984 


230 


52900 


12 167000 


•004347826 


36173 


231 


53361 


12 326 391 


•004329004 


36361 


23a 


...53824 


...12487 168 


-004310345 


36549 


233 


54289 


12649337 


•004291845 


36736 


234 


54756 


12 812 904 


•004273504 


36922 


235 


55225 


12 977 875 


•004255319 


3710T . 



u 



No. 


Stptskic, 


Cube 


RedprocaL 


CLog. 


«3« 


55696 


13 144 256 


-004237288 


37291 


'37 


56169 


13 312 053 


-004219409 


37475 


asS 


...56644 


...13 481 272 


•OO42O1681 


37658 


a39 


57I3I 


13 651 919 


•OO4184IOO 


37840 


340 


57600 


13824000 


-004166667 


38021 


341 


... 58081 


.13997521 


-004149378 


38202 


343 


58564 


14 172 488 


-OO413223I 


38382 


343 


59049 


14348907 


-0041 15226 


38561 


344 


-.59536 


...14526784 


-004098361 


38739 


345 


60025 


14706 125 


-004081633 


38917 


346 


60516 


14 886 936 


•004065041 


39094 


347 


... 61009 


...15069223 


-004048583 


39270 


248 


61504 


15252992 


•004032258 


39445 


349 


62001 


15 438 249 


-004016064 


39620 


350 


... 62500 


...15625000 


-004000000 


39794^ 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16 003 008 


•003968254 


40140 


253 


... 64009 


...16 194 277 


-003952569 


40312 


254 


64516 


16387064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


...65536 


...16777 216 


-003906250 


40824 


257 


66049 


16974593 


•OO389IO5I 


40993 


258 


66564 


17 173 512 


-003875969 


41 162 


259 


... 67081 


...17373979 


-003861004 


41330 


360 


67600 


17 576 000 


•003846154 


41497 


361 


6 81 21 


17 779 581 


-OO383I418 


41664 


263 


... 68644 


...17984728 


-003816794 


41830 


263 


691 69 


18 191 447 


•003802281 


41996 


364 


69696 


18399744 


•003787879 


42160 


265 


... 70225 


...18609625 


-003773585 


42325 


366 


70756 


18 821 096 


-003759398 


42488 


367 


71289 


19 034 163 


•003745318 


42651 


368 


...71824 


...19248832 


-003731343 


42813 


369 


72361 


19 465 109 


•003717472 


42975 


370 


7 2900 


19 683 000 


•003703704 


43136 


371 


... 73441 


...19 902 511 


-003690037 


......43297 


373 


73984 


20 123 648 


•003676471 


43457 


273 


74529 


20 346 417 


•003663004 


43616 


274 


...75076 


...20570824 


-003649635 


43775 


275 


75625 


20796875 


-003636364 


43933 


376 


76176 


21024576 


•003623188 


44091 


277 


... 7 67 29 


...21253933 


•OO361OI08 


44248 


378 


77284 


21 484 952 


•003597122 


44404 


379 


77841 


21 717 639 


•003584229 


44560 


380 


78400 


21 952 000 


•003571429 


44716 



Ifl 



Now 


^''^^ 


Oibe. 


lUdprocaL 


CLof. 


a8i 


78961 


22 188 041 


•003558719 


44871 


2S2 


I^5f4 


22 425 768 


•003546099 


45025 


283 


... 80089 


...22 665 187 


-003533569 


45179 


284 


80656 


22 906 304 


•003521 127 


45332 


a85 


81225 


23149125 


•003508772 


45484 


286 


... 81796 


-23393656 


-003496503 


45637 


287 


82369 


23639903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


...24137569 


-003460208 


46090 


290 


84100 


24389000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


...24897088 


003424658 


46538 


393 


85849 


25153757 


•003412969 


46687 


294 


86436 


25412 184 


•003401361 


46835 


^95 


... 87025 


...25672375 


-003389831 


46982 


296 


87616 


25934336 


•003378378 


47129 


297 


88209 


26198073 


•003367003 


47276 


298 


... 88804 


...26463592 


'003355705 


47422 


2gg 


89401 


26 730 899 


•003344482 


47567 


300 


90000 


27 000 000 


•003333333 


47712 


301 


... 90601 


...27270901 


-003322259 


47857 


302 


91204 


27543608 


•00331 1258 


48001 


303 


91809 


27 818 127 


•003300330 


48144 


304 


... 92416 


...28094464 


•003289474 


48287 


305 


93025 


28372625 


•003278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


-003257329 


48714 


308 


94864 


29218112 


•003246753 


48855 


309 


95481 


29503629 


•003236246 


48996 


310 


... 96100 


...29791000 


•003225806 


49136 


3" 


96721 


30080231 


•003215434 


49276 


3" 


973 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


49554 


314 


98596 


30959144 


•003 1 847 1 3 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...31554496 


003164557 


49969 


317 


10 04 89 


31 855 013 


•003154574 


50106 


318 


10 II 24 


32 157 432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


003134796 


50379 


$20 


102400 


32 768 000 


•003125000 


50515 


3^1 


10 30 41 


33 076 161 


•0031 15265 


50651 


3^2 


... 103684 


...33386248 


•003105590 


50786 


323 


104329 


33 698 267 


•003095975 


50920 


324 


104976 


34012 224 


-003086420 


51055 


3^5 


10 56 25 


34328125 


-003076923 


51 188 
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No. 


Square. 


Cube. 


Reciprocal 


CLog. 


326 


106276 


34645976 


•003067485 


51322 


327 


106929 


34965783 


•003058104 


51455 


328 


... 107584 


...35287552 


-003048780 


51587 


329 


10 82 41 


35 611 289 


•003039514 


51720 


330 


108900 


35 937 000 


•003030303 


5185I 


331 


... 10 95 61 


...36264691 


-003021148 


51983 


332 


II 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... 11 1556 


...37259704 


-002994012 


52375 


335 


II 2225 


37 695 375 


•002985075 


52504 


336 


II 2896 


37933056 


•002976190 


52634 


337 


... II 35 69 


...38272753 


002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


II 4921 


38958219 


-002949853 


53020 


340 


... II 5600 


...39304000 


-002941176 


53148 


341 


116281 


39 651 821 


•002932551 


53275 


342 


II 6964 


40001688 


•002923977 


53403 


343 


... 117649 


...40353607 


002915452 


53.'529 


344 


II 83 36 


40707584 


•002906977 


53656 


345 


II 90 25 


41 063 625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


1 2 1 1 04 


42 144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


-002865330 


54283 


350 


122500 


42 875 000 


•002857143 


54407 


351 


123201 


43243551 


•002849003 


54531 


352 


... 123904 


...43614208 


^002840909 


54654 


353 


124609 


43986977 


•002832861 


54777 


354 


12 53 16 


44361864 


•002824859 


54900 


355 


... 126025 


...44738875 


^002816901 


55023 


356 


126736 


45118016 


•002808989 


55145 


357 


127449 


45 499 293 


•002801 1 20 


55267 


358 


... 12 81 64 


...45882712 


^002793296 


55388 


359 


12 88 81 


46 268 279 


•002785515 


55509 


360 


129600 


46 656 000 


•002777778 


55630 


361 


... 130321 


...47045881 


^002770083 


55751 


362 


13 10 44 


47 437 928 


•002762431 


55871 


363 


13 17 69 


47 832 147 


•002754821 


55991 


364 


... 132496 


...48228544 


002747253 


56110 


365 


133225 


48627 125 


•002739726 


56229 


366 


133956 


49027 896 


•002732240 


56348 


367 


... 134689 


...49430863 


^002724796 


56467 


368 


135424 


49 836 032 


•OO271739I 


56585 


369 


13 61 61 


50 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 



17 



No. 


Square. 


Cube. 


RectprocaL 


CLog. 


371 


13 76 41 


51 064 811 


•002695418 


56937 


372 


138384 


51478848 


'00268817 a 


57054 


373 


... 13 91 29 


...51 895 117 


'OO2680965 


57171 


374 


139876 


52313624 


•002673797 


57287 


375 


140625 


52734375 


•002666667 


57403 


376 


... 14 13 76 


...53 157 376 


-002659574 


57519 


377 


14 21 29 


53582633 


•002652520 


57634 


378 


142884 


54 010 152 


•002645503 


57749 


379 


... 143641 


...54439939 


'002638522 


57864 


380 


14 44 00 


54872000 


•002631579 


57978 


381 


I45161 


55 306 341 


•00262467 a 


58092 


382 


... 145924 


...55742968 


'002617801 


58206 


383 


146689 


56 181 887 


•002610966 


58320 


384 


147456 


56 623 104 


•002604167 


58433 


385 


... 148225 


...57066625 


-002597403 


58546 


386 


14 89 96 


57512456 


•002590674 


58659 


387 


14 97 69 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58411072 


-002577320 


58883 


389 


15 13 21 


58863869 


•002570694 


58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


... 15 28 81 


..•59776471 


002557545 


59218 


392 


153664 


60 236 288 


•002551020 


59329 


393 


154449 


60698457 


•002544529 


59439 


394 


... 155236 


...61 162984 


-002538071 


59550 


395 


15 60 25 


61629875 


•002531646 


59660 


396 


15 68 16 


62 099 136 


•002525253 


59770 


397 


... 157609 


...62570773 


^002518892 


59879 


398 


158404 


63044792 


•002512563 


59988 


399 


15 92 01 


63521 199 


•002506266 


60097 


400 


... 160000 


...64000000 


-002500000 


60206 


401 


16 08 01 


64481 20I 


•002493766 


60314 


402 


16 16 04 


64 964 808 


•002487562 


60423 


403 


... 162409 


...65450827 


-002481390 


60531 


404 


16 32 16 


65 939 264 


•002475248 


60638 


405 


16 40 25 


66430125 


•002469136 


60746 


406 


... 164836 


...66923416 


-002463054 


60853 


407 


165649 


67 419 143 


•002457002 


60959 


408 


16 64 64 


67 917 312 


•002450980 


61066 


409 


... 167281 


...68417 929 


-002444988 


61172 


410 


16 81 00 


68921000 


•002439024 


61278 


411 


16 89 21 


69426531 


•002433090 


61384 


412 


... 169744 


...69934528 


•002427184 


61490 


413 


170569 


70444997 


•002421308 


61595 


414 


17 13 9^ 


70957944 


•002415459 


61700 


415 


17 22 25 


71 473 375 


•002409639 


6180S \ 






c 







18 



Na 


Square. 


Cube. 


Reciprocal. 


CLoff. 


416 


* 173056 


71 991 296 


"002403846 


61909 


417 


173889 


72511713 


•002398082 


62014 


418 


... 174724 


...73034632 


x)02392344 


62I18 


419 


17 55 61 


73560059 


•002386635 


62221 


430 


176400 


74 088 000 


•002380952 


62325 


431 


... 17 73 41 


...74 618 461 


-002375297 


62428 


4aa 


178084 


75 151 448 


•002369668 


62531 


433 


178929 


75 686 967 


•002364066 


62634 


424 


...179776 


...76225024 


'002358491 


62737 


485 


18 06 25 


76765625 


•002352941 


62839 


436 


18 14 76 


77308776 


•002347418 


62941 


4*7 


..• 182329 


...77854483 


^002341 920 


63043 


438 


18 31 84 


78402752 


•002336449 


63144 


439 


18 40 41 


78953589 


•002331002 


63246 


430 


... 184900 


...79507000 


-002325581 


63347 


431 


18 57 61 


80062991 


•002320186 


63448 


43a 


186624 


80621568 


•002314815 


63548 


433 


... 187489 


...81 182737 


^002309469 


63649 


434 


18 83 56 


81746504 


•002304147 


63749 


435 


18 92 25 


82312875 


•002298851 


63849 


436 


... 190096 


...82881856 


-002293578 


63949 


437 


190969 


83 453 453 


•002288330 


64048 


438 


19 1844 


84027 672 


•002283105 


64147 


439 


... 19 27 21 


...84604519 


'002277904 . 


64246 


440 


193600 


85184000 


•002272727 


64345 


441 


19 44 81 


85 766 121 


•002267574 


64444 


44a 


... 195364 


...86350888 


-002262443 


64542 


443 


196249 


86 938 307 


•002257336 


64640 


444 


19 71 36 


87528384 


'002252252 


64738 


445 


... 198025 


...88 121 125 


-002247191 


64836 


446 


198916 


88716536 


•002242152 


64933 


447 


199809 


89314623 


•002237136 


65031 


448 


... 200704 


...89915392 


•002232143 


65128 


449 


20 16 01 


90518849 


-002227171 


65225 


450 


20 25 00 


91 125000 


•002222222 


65321 


461 


... 20 34 01 


—91 733 851 


'002217295 


65418 


46' 


204304 


92 345 408 


•002212389 


65514 


453 


20 52 09 


92959677 


•002207506 


65610 


454 


... 2061 16 


...93576664 


-002202643 


65706 


455 


20 70 25 


94196375 


•002197802 


6580X 


456 


20 79 36. 


94818816 


-002192982 


65896 


457 


... 208849 


-95443 993 


•602188184 


65992 


458 


20 97 64 


96071 912 


•002183406 


66087 


459 


21 06 81 


96702579 


'002178649 


66181 


460 


21 1600 


97336000 


•003173913 


66276 



19 



Na 
461 
46a 

463 
464 
465 
466 
467 
468 
469 
470 
471 
47» 
473 
474 
475 
476 
477 
478 

479 
480 
481 
483 
483 
484 

485 
486 
487 
488 
489 
490 
491 
493 
493 
494 
495 
496 

497 
498 

499 
Soo 
SOI 
Soa 
S03 
Sa4 

1*2. 



31 3531 
213444 

... 3143^9 
315396 
31 62 35 

... 31 71 56 
318089 
31 9034 

... 31 9961 
330900 
33 18 41 

... 33 37 84 
33 37 39 
33 46 76 

...22S6 2S 
33 65 76 

33 75 39 

...338484 

339441 
330400 

... 23^3^1 
23 23 24 
23 32 89 

... 234356 
235225 
236196 

... 237169 
238144 

33 91 31 
... 340100 

34 10 81 
34 30 64 

... 343049 
344036 

245025 

... 346016 

347009 

348004 

••• 34 90 OX 
350000 
35 10 01 

... 353004 
253009 
25 40 16 

^55025 



Ctabe. 

97 973 181 

98 611 138 
. 99353847 

99897344 

100544635 

.101 194696 

loi 847 563 

102 503 333 
.103 161 709 

103 823 000 
X04487 III 

.105154048 

105 823 817 

106496434 

.107171875 

107 850 176 

108 531 333 
.109215353 

109 903 339 
no 592 000 

.III 384641 

111 980168 

112 678 587 

.113379904 

114 084 135 

114 791 356 

.115501303 

116 214 272 

116 930 169 

.117649000 

118 370 771 
"9095488 
.119823157 
120553784 

131 287 375 

.123023936 

122763473 

123505992 
.134251499 
135000000 
125 751 501 
.136 506 008 
127 263 537 
138 024 064 
138787635 



RedprocaL 


CLof. 


*oo2i69i97 


66370 


*oo2i64503 


66464 


•002159837 


66558 


•002I55I73 


66653 


x>02i50538 


66745 


-002145923 


66839 


-002141328 


6693a 


•002136753 


67025 


-002132196 


67117 


-002127660 


67210 


•002123143 


6730a 


-0021 18644 


67394 


"002114165 


67486 


"002109705 


67578 


-002105263 


67669 


•002100840 


67761 


•002096436 


6785a 


-002093050 


67943 


•002087683 


68034 


•002083333 


68124 


-002079002 


68215 


•002074689 


68305 


•002070393 


68395 


*oo2o66ii6 


68485 


-002061856 


68574 


•002057613 


68664 


-002053388 


68753 


•002049180 


68842 


-002044990 


68931 


-002040816 


69020 


•002036660 


69108 


•002032520 


69197 


^002028398 


69285 


-002024291 


69373 


•002020202 


69461 


•002016129 


69548 


•002012072 


69636 


•002008032 


69723 


-002004008 


69810 


•002000000 


69897 


•001996008 


69984 


-001992033 


70070 


•001988073 


70157 


•001 9841 27 


70243 


•001980198 


10^29 



20 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


506 


35 ^0 36 


129 554 216 


•001976285 


70415 


507 


257049 


130323843 


•001972387 


70501 


508 


... 258064 


...131 096 512 


-001968504 


70586 


509 


359081 


131 872 229 


•001964637 


70672 


510 


26 01 00 


132 651 000 


•001960784 


70757 


5" 


... 26 II 21 


...133 432 831 


-001956947 


70842 


512 


2621 44 


134 217 728 


•OOI953125 


70927 


513 


2631 6g 


135005697 


•OOI949318 


71OI2 


514 


...264196 


...135796744 


-001945525 


71096 


515 


265225 


136590875 


•OOI941748 


71181 


516 


26 62 56 


137388096 


•001937984 


71265 


517 


... 267289 


...138 188 413 


-001934236 


71349 


518 


26 83 24 


138 991 832 


'ooi 930502 


71433 


519 


269361 


139798359 


•001926782 


71517 


5ao 


... 270400 


...140608000 


-001923077 


71600 


521 


27 14 41 


141 420 761 


•OOI 91 9386 


71684 


522 


272484 


142 236 648 


•OOI9I5709 


71767 


523 


...273529 


...U3 055 667 


'001912046 


71850 


524 


274576 


143877824 


•001908397 


71933 


S25 


27 56 25 


144 703 125 


•001904762 


72016 


526 


... 2'j66'j6 


...145 531 576 


•OOI90II4I 


72099 


S27 


27 77 29 


146 363 183 


•001897533 


72181 


S28 


27 87 84 


147 197 952 


•001893939 


72263 


S29 


... 279841 


...148035889 


'001890359 


72346 


630 


28 09 00 


148877000 


•001886792 


72428 


531 


28 19 61 


149 721 291 


•001883239 


72509 


S32 


... 283024 


...150568768 


'001879699 


72591 


533 


28 40 89 


151 419 437 


•OOI876I73 


72673 


634 


285156 


152273304 


•001872659 


72754 


535 


... 286225 


...153130375 


^001869159 


72835 


536 


287296 


153990656 


•001865672 


72916 


537 


288369 


154 854 153 


•OOI862I97 


72997 


538 


...289444 


...155720872 


-001858736 


73078 


539 


290521 


156 590 819 


•001855288 


73159 


540 


29 1600 


157464000 


•OOI85I852 


73239 


541 


... 292681 


...158 340 421 


^001848429 


73320 


542 


29 37 64 


159220088 


•00 1 8450 1 8 


73400 


643 


29 48 49 


160 103 007 


•001841621 


73480 


544 


... 295936 


...160 989 184 


.......001838235 


73560 


545 


297025 


161 878625 


•001834862 


73640 


546 


2981 16 


162 771 336 


•00 1 83 1 502 


73719 


647 


... 299209 


...163667323 


-001828154 


73799 


548 


300304 


164 566 592 


'001824818 


73878 


549 


30 14 01 


165 469 149 


•001821494 


73957 


550 


30 25 00 


166 375 000 


•001818182 


74036 



21 



Na 


Square. 


Cube. 


Reciprocal. 


CLog. 


551 


30 36 01 


167 284 151 


X>Ol8l4882 


74II5 


55a 


304704 


168 196 608 


•OO1811594 


74194 


553 


... 305809 


...169 112 377 


-OOI808318 


74273 


554 


3069 16 


170 031 464 


•001805054 


74351 


555 


308025 


170953875 


'oo 1 80 1 802 


74429 


556 


...309136 


...171 879616 


-001798561 


74507 


557 


31 02 49 


172808693 


•001795332 


74586 


558 


311364 


17374III2 


•OOI792II5 


74663 


559 


...31 2481 


...174676879 


-001788909 


7474X 


560 


31 36 00 


175 616 000 


•0017857 14 


74819 


561 


31 47 21 


176 558 481 


•OOI78253I 


74896 


562 


...315844 


...177504328 


001779359 


74974 


563 


31 69 69 


178453547 


•OOI776199 


75051 


564 


31 80 96 


179 406 144 


•001773050 


75128 


565 


... 31 92 25 


...180362 125 


-001769912 


75205 


566 


3* 03 56 


181 321 496 


•001766784 


75282 


567 


321489 


182 284 263 


•001763668 


75358 


568 


... 322624 


...183250432 


001760563 


75435 


5^9 


32 37 61 


184220009 


•001757469 


755" 


570 


324900 


185 193000 


•001754386 


75587 


571 


... 326041 


...186 169 411 


001751313 


75664 


572 


327184 


187 149 248 


•001748252 


75740 


573 


328339 


188 132 517 


•OOI7452OI 


75815 


574 


... 329476 


...189 119 224 


'001742160 


7589^ 


575 


330625 


190 109 375 


•OOI73913O 


75967 


576 


33 17 76 


191 102 976 


•OOI7361II 


76042 


577 


... 332929 


...192 100033 


001733102 


76118 


578 


334084 


193 100552 


•OOI73OIO4 


76193 


579 


335241 


194 104 539 


•OOI727116 


76268 


580 


... 336400 


...195 112 000 


•001724138 


76343 


581 


337561 


196 122 941 


•OOI72II7O 


76418 


583 


33 87 24 


197 137 368 


•OOI718213 


76492 


583 


...339889 


...198 155 287 


•OOI715266 


76567 


584 


341056 


199 176 704 


•OOI712329 


76641 


585 


34 22 25 


200 201 625 


•001709402 


76716 


586 


... 343396 


...201 230056 


-001706485 


76790 


587 


344569 


202 262 003 


•001703578 


76864 


588 


34 57 44 


203297472 


•001700680 


76938 


589 


... 346921 


...204336469 


^001697793 


77012 


590 


34 81 00 


205 379 000 


•OOI694915 


77085 


591 


349281 


206425071 


•001692047 


77159 


59a 


... 350464 


...207474688 


-OOI689189 


77232 


593 


351649 


208527857 


•OOI68634I 


77305 


594 


352836 


209584584 


•001683502 


77379 


595 


354025 


210644875 


•001680672 


774S2 V 



22 



Na 


Stptxn. 


Cube 


RedprocaL 


Ohog. 


596 


355^16 


211 708 736 


"001677852 


77525 


597 


356409 


212 776 173 


-001675042 


77597 


598 


...357604 


...213847 192 


-001672241 


77670 


699 


358801 


214 921 799 


-001669449 


77743 


600 


360000 


216000000 


•001666667 


77815 


601 


... 36 12 01 


...217 081 801 


-001663894 


77887 


603 


362404 


218 167 208 


-001661 130 


77960 


603 


36 36 09 


219256 227 


•001658375 


78032 


604 


... 364816 


...220348864 


-001655629 


78104 


60s 


36 60 25 


221 445 125 


-001652893 


78176 


606 


367236 


222545016 


-00 1 6501 65 


78247 


607 


... 368449 


...223648543 


-001647446 


78319 


608 


36 96 64 


224755712 


-001644737 


78390 


609 


370881 


225866529 


-001642036 


78462 


610 


... 37 21 00 


...226981 000 


-001639344 


78533 


6x1 


373321 


228099 131 


-00 1 63666 1 


78604 


612 


37 45 44 


229 220 928 


•001633987 


78675 


613 


- 37 57 69 


...230346397 


-OO163132I 


78746 


614 


376996 


231 475 544 


-001628664 


78817 


615 


37 82 25 


232 608 375 


-001626016 


78888 


616 


- 379456 


•233744896 


-001623377 


78958 


617 


38 06 89 


234885 113 


•001620746 


79029 


618 


381924 


236 029 032 


-001618123 


79099 


619 


... 38 31 61 


...237176659 


-001615509 


79x69 


620 


384400 


238 328 000 


•001612903 


79239 


621 


385641 


239 483 061 


•001610306 


79309 


622 


... 386884 


...240641848 


^0016077 17 


79379 


623 


388129 


241 804 367 


•001 605 1 36 


79449 


624 


389376 


242970624 


•001602564 


79518 


625 


... 390625 


...244140625 


-001600000 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393x29 


246 491 883 


•001594896 


79727 


628 


... 394384 


...247673x52 


-001592357 


79796 


629 


395641 


248 858 189 


•001589825 


79865 


630 


39 69 00 


250 047 000 


•001587302 


79934 


631 


... 39 81 61 


. .251239591 


-001584786 


80003 


632 


39 94 24 


252 435 968 


•001582278 


80072 


633 


40 06 89 


253 636 137 


-001579779 


80140 


^34 


... 401956 


...254840104 


-001577287 


80209 


635 


403225 


256047875 


•001574803 


80277 


636 


404496 


257 259 456 
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80346 


^37 
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...258474853 
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41 47 36 


267 089 984 


•001552795 


80889 


645 


41^35 
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•001550388 
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646 


... 41 73 16 


...269586136 


XK>i547988 


81023 


647 
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270 840 023 


•001545595 


81090 


648 


419904 


272097792 


•001543210 


81158 


649 


... 42 laoi 


..-273359449 


-001540832 


81224 


650 


422500 


274625000 


•001538462 


81291 


651 


42 38 01 


275894451 


•001536098 


81358 
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... 42 51 04 


...277 167808 


-001533742 


81425 


«53 


426409 


278445077 
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^'^^0 
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427716 


279726264 


•001529052 
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655 


... 42 90 35 


...281 Oil 375 
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81624 


656 


43 03 3^ 


282300416 


•001524390 


81690 


657 


431649 


283593393 


•001522070 


81757 


658 


...433964 


..,284890312 


-001519757 


81823 


659 


43 42 81 


286 191 179 


•001517451 


81889 


660 


435600 


287 496 000 


•00151515a 


81954 


661 


... 436921 


...288804781 


-001512859 


82020 


663 


438244 


290 117 528 


•001510574 


82086 


663 


439569 


291 434 247 


-001508296 


82151 


664 


...440896 


...292754944 


-001506024 


82217 


665 


44 22 25 


294079625 


•001503759 


82282 


666 


443556 


295 408 296 


-00150150a 


82347 


667 


.,.444889 


...296740963 


-001499250 


82413 


668 


446224 


298077632 


•001497006 


82478 


669 


447561 


299418309 


-001494768 


82543 


670 


... 448900 


...300763000 


-001492537 


82607 


671 


45 02 41 


302 III 711 


•001490313 


82672 


673 


451584 


303 464 448 


•001488095 


82737 
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... 45 29 29 


...304821217 


-001485884 


8280a 


674 


45 42 76 


306 182024 


•001483680 


82866 


675 


455625 


307546875 


•001481481 


82930 


676 


...456976 


...308915776 


-001479290 


82995 


677 


458329 


310288733 


•001477105 


83059 


678 


459684 


311 665 752 


•001474926 


83123 


679 


... 46 10 41 


...313046839 


-001472754 


83187 


680 


462400 


314432000 


•001470588 


83251 • 


681 


46 37 61 


315 821 241 


•001468429 


83315 
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... 465124 


...317 214568 


•001466276 


83378 
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46 64 89 


318 611 987 


•001464129 


83442 
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Ms 
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•001459854 
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•001455604 
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... 47 33 44 
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-001453488 


83759 
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47 47 21 


327 082 769 


•OOI451379 


83822 


690 


4761 CX) 


328509000 


•001449275 


83885 
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...477481 


...329939371 


-001447178 


83948 


692 


478864 


331373888 


•001445087 


8401 1 


693 


480249 


332812557 


•001443001 


84073 


694 


... 481636 


...334255384 


^001440922 


84136 


695 


483025 


335 702 375 


•001438849 


84198 


696 


484416 


337 153 536 


•001436782 


84261 


697 


... 485809 


...338608873 


001434720 


84323 


698 
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84386 


699 
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•OOI430615 


84448 


700 


... 490000 
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•OOI42857I 


84510 
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49 14 01 


344472 lOI 


•001426534 


84572 


702 


49 28 04 


345948408 


•001 424501 


84634 


703 


...494209 


...347428927 


-001422475 


84696 


704 


49 56 16 


348 9i3<^<54 


•001420455 


84757 


705 


497025 


350 402 625 


x>oi4i8440 


84819 


706 


... 498436 


...351 895 816 


001416431 


84880 
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49 98 49 


353393243 
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708 
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354894912 


•001412429 


85003 
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... 502681 


...356400829 


001410437 


85065 
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50 41 00 


357 911 000 


•001408451 


85126 


711 


505521 


359425431 


•001406470 


85187 


712 


... 506944 


...360944128 


-001404494 


85248 


713 


508369 


362 467 097 


•001402525 


85309 


714 


509796 


363 994 344 


•001400560 


85370 
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... 511225 


...365525875 


-001398601 


85431 
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367061 6^6 


•001396648 


85491 
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51 40 89 


368 601 813 


•001394700 


85552 
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... 51 55 24 


...370146232 


001392758 


85612 


719 


51 69 61 


371694959 


•00 1 3908 2 1 


85673 


720 


518400 
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•001388889 


85733 


721 


...51 98 41 


•..374805361 


001386963 


85794 


•722 


521284 


376367048 


•001385042 


85854 


' 723 


52 27 29 


377933067 


•001383126 


85914 


f724 


... 524176 


—379503424 


-001381215 


85974 
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52 56 25 


381 078 125 


•001379310 


86034 
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527076 


382657176 


•001377410 


86094 
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... 528529 


...384240583 


-001375516 


86153 
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•001369863 
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534361 


390617891 


•001367989 


86392 
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535834 


392 223 168 


'001366120 


86451 


733 


...537289 


...393832837 


001364256 


86510 


734 


538756 


395 446 904 


•001362398 


86570 


735 


540225 


397065375 


•001360544 


86629 


736 


...541696 


...398688256 


-001358696 


86688 


737 


543169 


400315553 


•001356852 


86747 


738 


54 46 44 


401 947 272 


•00 1 3550 1 4 


86806 


739 


... 54 61 21 


...403583419 


001353180 


86864 


740 


547600 


405 224 000 


•OOI35135I 


86923 


741 


549081 


406869021 


•001349528 


86982 


742 


...550564 


...408518488 


-001347709 


87040 


743 


552049 


410172407 


•001345895 


87099 


744 


553536 


411 830784 


•001344086 


87157 


745 


...555025 


...413493625 


-001342282 


87216 


746 


556516 


415160936 


•001340483 


87274 


747 


558009 


416832723 


•001338688 


87332 


748 


...559504 


...418508992 


001336898 


87390 


749 


56 10 01 


420189749 


•OOI335II3 


87448 


750 


562500 


421875000 


•001333333 


87506 


751 


... 564001 


...423564751 


001331558 


87564 


752 


565504 


425 259 008 


•001329787 


87622 


753 


56 70 09 


426957777 


•OOI32802I 


87679 


754 


...568516 


...428661064 


^001326260 


87737 


755 


570025 


430368875 


•001324503 


87795 


75<S 


571536 


433081 216 


•OOI32275I 


87852 


757 


... 573049 


...433798093 


•OOI32IOO4 


87910 


758 


574564 


435519512 


•OOI3I9261 


87967 


759 


576081 


437245479 


•OOI317523 


88024 


760 


... 577600 


...438976000 


-001315789 


88081 


761 


57 91 21 


440 7 II 081 


•001314060 


88138 


762 


580644 


442450728 


•OOI3I2336 


88195 
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... 582169 


...444194947 


•OOI3I0616 


88252 


764 


58 36 96 


445 943 744 


•001 30890 1 


88309 


765 


585225 


447697125 


•00 1 307 1 90 


88366 


766 


... 586756 


...449455096 


-001305483 


88423 
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58 82 89 


451 217663 


•00130378 1 


88480 


768 


589824 


452984832 


•001302083 


88536 


769 


... 59 13 61 


...454756609 


^001300390 


88593 


770 


59 29 00 


456533000 


•OOI29870I 


88649 


771 


59 44 41 


458314011 


•OOI297017 


88705 


772 


... 595984 


...460099648 


001295337 


88762 


773 


597529 


461 889 917 


•00 1 29366 1 
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774 


599076 


463 684 824 


•001 291990 


88874 
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60 06 25 


465484375 


•001290323 


88930 
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602176 


467 288 576 


-001288660 


88986 


777 


603729 


469 097 433 


•00 1 287 00 1 


89042 


778 


...605284 


...470910952 


-001285347 


89098 


779 


60 68 41 


472729139 


•001283697 


89154 


780 


60 84 00 


474552000 


•001 28205 1 


89209 


781 


... 609961 


...476379541 


-001280410 


89265 


782 


61 15 24 


478 211 768 


•001278772 


89321 


783 


613089 


480 048 687 


•OOI277139 


89376 


784 


... 614656 


...481890304 


-001275510 


89432 
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616225 


483736625 


-001273885 


89487 


786 


617796 


485587656 


•001272265 


8954a 


787 


... 619369 


...487443403 


-001270648 


89597 


788 


62 09 44 


489303872 


•001269036 


89653 


789 


622521 


491 169 069 


•001267427 


89708 
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... 624100 


—493039000 


^001265823 


89763 
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625681 


494913^^71 


-001264223 


89818 


792 


627264 


496793088 


•001262626 


89873 


793 


... 628849 


...498677257 


-001261034 


89927 


794 


63 04 36 


500566184 


-001259446 


89982 


795 


63 20 25 


502 459 875 


•001257862 


90037 


796 


... 633616 


...504358336 


-001256281 


90091 


797 


63 52 09 
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-001254705 
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798 
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508169592 


•OOI253133 


90200 
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... 638401 
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•OOI251564 


90255 
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64 00 00 
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90309 


801 


64 16 01 


513 922 401 


•001248439 
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... 643204 


...515849608 


-001246883 


90417 


803 


64 48 09 


517 781 627 


•001245330 


9047 a 
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64 64 16 


519 718 464 


-OOI243781 


90526 
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... 648025 
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523606616 


•001240695 
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807 
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-001237624 
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-001236094 
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-001234568 


90849 
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—533 411 731 
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815 
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•60121951a 


91381 
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. 68 33 76 
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685584 
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688900 
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. 69 33 34 
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. 7^7409 
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• 743044 
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746496 
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CLof. 
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[2I2I2I 
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•OOI 
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'OOI 
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•OOI 
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•001 
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'OOI 
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•OOI 
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•001 
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'OOI 
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584277056 
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[I96I73 
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586376253 


•001 
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588480472 


-OOI 
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92324 


590589719 
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[I9I895 


92376 
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•OOI 


[ 190476 


92428 


594833321 


'OOI 


[I 8906 I 


92480 


596947688 


•001 


[ 187648 


92531 


599077107 


•OOI 


[ 186340 


92583 


601 311 584 


'OO] 


[ 184834 


92634 


603351 125 


•OOI 


[ 183432 


92686 


605495736 


'OOI 


[ 183033 


92737 


607 645 433 


-OOJ 


[ 180638 


92788 


609 800 193 


•OOI 


[179245 


92840 


611 960049 


•001 


^177856 


92891 


614 135000 


'OOI 


[I7647I 


92942 


616295051 


•OOI 


[175088 


92993 


618 470 308 


•001 


[ 173709 


93044 


630 650 477 


-OOI 


^172333 


93095 


632 835 864 


•OOJ 


[ 170960 


93146 


635 036 375 


•001 


[ 169591 


93197 


627 323 016 


'OOI 


[ 168224 


93247 


629422793 


•OO] 


[ 166861 


93298 


631 628 712 


•OOI 


[ 165501 


93349 


633839779 


-OO] 


[164144 


93399 


636 056 000 


•00 ] 


[I62791 


93450 


638 277 381 


•00 ] 


[ 161440 


93500 


640 503 928 


'OOJ 


[ 160093 
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642 735 647 
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•OO] 
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Cube. 
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866 


749956 


649 461 896 


•001154734 


9375a 


867 


751689 


651 714 363 


•001153403 


93803 


868 


... 753424 


...653972032 


001152074 


93852 


869 


75 51 61 


656 234 909 


•001150748 


9390a 


870 


756900 


658 503 000 


•001 149425 


9395a 


871 


...758641 


...660776 311 


-001148106 


9400a 


872 


760384 


663 054 848 


•001146789 


9405a 


873 


76 21 29 


665338617 


•001145475 


94IOI 


874 


...763876 


...667 627 624 


-001144165 


9415I 


875 


765625 


669921875 


•001142857 


94201 


876 


767376 


672 221 376 


•001141553 


94250 


877 


... 7691 29 


...674526133 


^001140251 


94300 


878 


77 08 84 


676836152 


•001138952 


94349 


879 


772641 


679 151 439 


•001137656 


94399 


880 


... 774400 


...681 472000 


-001136364 


94448 


881 


7761 61 


683797841 


•001135074 


94498 


882 


777924 


686128968 


•001133787 


94547 


883 


... 779689 


...688465387 


001132503 


9459^ 


884 


781456 


690807 104 


•001131222 


94645 


885 


783225 


693154125 


•001129944 


94694 


886 


... 784996 


...695506456 


•OOII28668 


94743 


887 


786769 


697 864 103 


001127396 


9479a 


888 


788544 


700227 072 


•001126126 


94841 


889 


... 790321 


...702595369 


^001124859 


94890 


890 


792100 


704 969 000 


•001123596 


94939 


891 


793881 


707347971 


•001 1 22334 


94988 


892 


... 795664 


...709732288 


^001121076 


95036 


893 


79 74 49 


712121957 


•001 11 982 1 


95085 


894 


799236 


714516984 


•001118568 


95134 


895 


... 801025 


...716917375 


-001117318 


9518a 


896 


80 28 16 


719323136 


•001 11607 1 


95231 


897 


80 46 09 


721734273 


•001 1 14827 


95279 


898 


•.. 806404 


...724150792 


001113586 


95328 


899 


808201 


726572699 


•001 112347 


95376 


900 


81 0000 


729000000 


•001 mill 


95424 


901 


... 81 1801 


...731 432 701 


-001109878 


95472 


902 


813604 


733870808 


•00 II 08647 


95521 


903 


815409 


736 3U 327 


•001107420 


95569 


904 


... 8172 16 


...738763264 


'001106195 


95617 


905 


81 90 25 


741217625 


•001104972 


95665 


906 


82 08 36 


743677416 


•001103753 


95713 


907 


... 822649 


...746142643 


-001102536 


95761 


908 


824464 


748613312 


•001101322 


95809 


909 


826281 


751089429 


•OOIIOOIIO 


95856 


910 


82 81 00 


753571000 


•OOI09890I 


95904 
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83 99 21 


756058031 


•001097695 


95952 




831744 


758550528 


'OOIO9649I 


95999 


; 


•• 833569 


...761048497 


-001095290 


96047 




835396 


763551944 


•001094092 


96095 




837225 


766060875 


•001092896 


96142 




... 839056 


...768575296 


'001091703 


96190 




84 08 89 


771 095 213 


•00 1 0905 1 3 


96237 




84 27 24 


773620632 


•001089325 


96284 




...844561 


...776 151 559 


001088139 


96332 




846400 


778688000 


•001086957 


96379 




848241 


781 229961 


•001085776 


96426 




... 850084 


...783777448 


-001084599 


96473 




851929 


786330467 


•001083424 


96520 




853776 


788889024 


•OOIO8225I 


96567 




...855625 


...791453125 


-001081081 


96614 




857476 


794022776 


•00107 9914 


96661 




859329 


796597983 


•001078749 


96708 




... 86 II 84 


...799178752 


'001077586 


96755 


1 


863041 


801765089 


•001076426 


96802 




86 49 00 


804 357 000 


•001075269 


96848 




... 866761 


...806954491 


•OOIO74II4 


96895 




868624 


809557568 


•00107 2961 


96942 




870489 


812 166237 


-OOIO7181I 


96988 




...872356 


...814780504 


-001070664 


97035 




87.42 25 
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-00 1 0695 1 9 


97081 




87 60 96 


820 025 856 


•001068376 


97128 




... 877969 


...822656953 


-001067236 


97174 




879844 


825293672 


-001066098 


97220 




88 17 21 


827936019 


-001064963 


97267 




... 883600 


...830584000 


-001063830 


97313 




885481 


833 237 621 


-001062699 


97359 




887364 


835896888 


•OOI061571 


97405 




... 889249 


...838561807 


-001060445 


97451 




89 II 36 


841 232 384 


•001059322 


97497 




893025 


843 908 625 


•001058201 


97543 




... 8949 16 


...846590536 


-001057082 


97589 




89 68 09 


849278123 


•001055966 


97635 




89 87 04 


851 971 392 


•001054852 


97681 




... 900601 


...854670349 


-001053741 


97727 




90 25 00 


857375000 


•001052632 


97772 




904401 


860085351 


•OOIO51525 


97818 




... 906304 


...862801408 


-001050420 


97864 


3 


90 82 09 


865523177 


'oo 1 0493 1 8 


97909 


4 


91 01 16 


868 250 664 


'001048218 


97955 1 
9B000 V 


5 


912025 


870983875 


'001047120 
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No. 


Square. 


Cube. 


Reapncal 


CLofr 1 


95^ 


913936 


873722816 


-001046025 


98046 


957 


91 58 49 


876467493 


•00104493a 


98091 


9^^ 


... 9177^54 


...879 217 912 


-001043841 


98137 


959 


91 9681 


881974079 


•001042753 


98183 


g6o 


92 1600 


884 736 000 


•OOIO41667 


98237 


961 


... 923521 


...887503681 


-001040583 


98272 


962 


9^ 54 44 


890277 128 


•OOIO3950I 


98318 


9^3 


927369 


893056347 


•001038433 


98363 


964 


... 929296 


...895841344 


-001037344 


98408 


965 


931225 


898632125 


-001036269 


^M 


966 


93 31 56 


901 428 696 


•001035197 


98498 


967 


... 939089 


...904231063 


•001034136 


98543 


96B 


93 70 24 


907 039 232 


•001033058 


98588 


969 


938961 


909853209 


•00103199a 


9863a 


970 


... 940900 


...912673000 


-001030928 


98677 


971 


94 28 41 


915 498 611 


-001029866 


98732 


97 a 


94 47 84 


918330048 


•001028807 


98767 


973 


...946729 


...921 167 317 


-001027749 


98811 


974 


948676 


924010424 


•001026694 


98856 


975 


95 06 25 


926 859 375 


•OOIO2564I 


98900 


976 


...952576 


...929714 176 


•001024590 


98945 


977 


95 45 29 


932574833 


•001033541 


98989 


978 


956484 


935441352 


•001022495 


99034 


979 


...958441 


...938313739 


•001021450 


99078 


9K0 


96 04 00 


941 192 000 


'oo 1 030408 


99123 


9H1 


962361 


944 076 141 


•OOIOI9368 


99167 


9Ka 


... 964324 


...946966 168 


-001018330 


993x1 


9H3 


96 6a 89 


949 862 087 


•OOIOI7294 


9925s 


9H4 


ij6 82 56 


952 763 904 


•OOIOI6260 


99300 


9H5 


... 97 02 25 


...955671625 


'001015228 


99344 


986 


972196 


958585256 


•OOIOI4199 


99388 


9«7 


97 41 6g 


961504803 


•OOIOI317I 


99432 


9KH 


... 97 61 44 


...964430272 


-001012146 


99476 


9H9 


9781 21 


967 361 669 


-OOIOIII22 


99530 


990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 


99X 


... 982081 


...973242271 


-001009083 


99607 


999 


98 40 64 


976 191 488 


-001008065 


99651 


993 


98 60 49 


979146657 


•001007049 


99695 


994 


... 988036 


...98a 107 784 


•001006036 


99739 


996 


990025 


985074875 


•001005035 


99782 


996 


99 20 z6 


988047936 


•001004016 


99836 


997 


... 99 4009 


...991 026 973 


•001003009 


99870 


998 


99 6004 


994 Oil 992 


•OOI003004 


99913 


999 


99 8001 


997 00a 999 


<OOIOOIOOI 


99957 


zooo 


...100 00 00 


...1000 000 000 


*OOIOOOOOO 


00000 I 
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Tabu 1 a. — ApPBoxmATs Squabs avd Cube Roots and 
Bboipbogaub of Pbimb Numbibs fbom 2 TO 97. 



Bfli 


Square Root 


Cube Root. 


RedprocaL 


2 


1-4142136 


1*2599210 


0*500000000 


3 


1-7320508 


1*4422496 


-333333333 


5 ... 


... 2*2360680 ... 


... 1-7099759 •• 


•200000000 


7 


3-64576I3 


1-9139312 


*I42857I45 


II 


3*3166248 


2-2239801 


•090909091 


13 ... 


... 3*6055513 ... 


... a-35i3347 •• 


... -076923077 


17 


4-123x056 


2*5712816 


•058823529 


19 


4-3588989 


2*6684016 


•052631579 


«3 - 


... 4-7958315 ... 


... 2*8438670 


"043478261 


29 


5-3851648 


3*0723168 


-034482759 


31 


5-5677644 


3*1413806 


*032258o6^ 


37 — 


... 6-0827625 ... 


... 3*3322218 ... 


•027027027 


41 


6-4031242 


3*4482172 


*024390244 


43 


65574385 


35033981 


•023255814 


47 .-. 


... 6-8556546 ... 


... 3*6088261 


•021276600 


53 


7*2801099 


3756a858 


•018867925 


59 


7-6811457 


3-8929965 


•01694915$ 


61 .•. 


... 7*8102497 ... 


... 3-9364972 ... 


... -0x6393443 


67 


8-1853528 


4*0615480 


•014925373 


n 


8*4261498 


4*1408178 


•014084507 


73 - 


... 8-5440037 .. 


... 4-1793392 •. 


•013698630 


79 


8*8881944 


4*2908404 


*oi2658228 


83 


9*1104336 


4*3620707 


•01 20481 93 


89 ... 


.- 9-4339811 ... 


... 4-4647451 -. 


... -011235955 


93 


9-6436508 


4-5306549 


•010752688 


n 


9^488578 


4-5947009 


•01030927B 
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TABr.E OF SQUARES 






Sq»t 


fifth Pmrar. 


Sqom 


Fifth Ptowet 


lO 


X 00 


I 00000 


55 


3025 


503284375 


IX 


I 21 


I 61051 


56 


3136 


5507 31776 


12 


144 


2 48832 


57 


3249 


6016 92057 


13 


I 60 


371293 


58 


3364 


6563 56768 


14 


196 


537824 


59 


3481 


714924299 


15 


225 


7 59375 


60 


3600 


777600000 


16 


256 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 3283a 


18 


324 


18 89568 


63 


3969 


9924 3654^^ 


19 


361 


24 76099 


64 


4096 


10737 41824 


20 


400 


3200000 


65 


4225 


1 1 602 90625 


21 


441 


40 84101 


66 


4356 


12523 32576 


22 


484 


51 53632 


67 


4489 


1350I 25107 


23 


529 


64 36343 


68 


4624 


14539 33568 


24 


576 


79 62624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


20730 71593 


29 


841 


20511149 


74 


5476 


2219006624 


30 


900 


24300000 


75 


5625 


2373046875 


31 


961 


286 29151 


76 


5776 


25355 25376 


32 


1024 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


28871 74368 


34 


II 56 


45435424 


79 


6241 


30770 56399 


35 


1225 


525 21875 


80 


6400 


32768 00000 


36 


1296 


60466176 


81 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


792 35168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


4182I 19424 


40 


1600 


1024 00000 


85 


7225 


4437053^5 


41 


16 81 


1 158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


147008443 


88 


77 44 


52773 19168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


8100 


59049 00000 


46 


21 16 


2059 62976 


9^ 


8281 


62403 21451 


47 


2209 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


2500 


312500000 


95 


9025 


7737809375 


61 


2601 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


97 


9409 


8587340257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


54 


29 16 


4591 65024 


99 


9801 


5,509900499 
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Table 2jl— Prdcb Factobs of Nuxbebs up to 258. 
(Kamben without Faoton are tlieiiMelyes Fiime.) 



a 




43 = 


= 3-37 


83 =■ 3-41 


3 




43 




?3 




4 = 


= 3« 


44 


3»II 


84 


3»-37 


5 




45 


3*5 


85 


517 


6 


»3 


46 


3-23 


86 


943 


7 




47 




87 


3-29 


8 


3» 


48 


3«-3 


88 


3»I1 


9 


3' 


49 


?*. 


89 




lO 


a-5 


50 


3S» 


90 


3-3*-5 


II 




51 


3-17 


91 


7-13 


la 


3«-3 


5a 


8*-I3 


93 


3*33 


13 




53 




93 


331 


14 


37 


54 


a-3» 


94 


3-47 


IS 


35 


55 


5" 


95 


519 


16 


3* 


5<S 


3»7 


96 


,5.3 


17 




57 


319 


97 




18 


3-3« 


58 


3-39 


98 


3.JI 


19 




59 




99 


3*-ii 


30 


3«-5 


60 


a*-3-5 


100 


2*-5« 


31 


37 


61 




101 




33 


3TI 


62 


2-3^ 


103 


3-3I7 


33 




63 


3*7 


103 




24 


,3.3 


64 


3« 


104 


a»i3 


35 


5^ 


«5 


513 


105 


357 


36 


3-13 


66 


3-3-II 


106 


2-53 


37 


3« 


67 




107 




38 


3«7 


68 


3«-I7 


108 


at.38 


39 




69 


323 


109 




30 


a-35 


70 


»-57 


IIO 


3'5-II 


31 




71 




III 


337 


3» 


3« 


72 


3»-3* 


113 


3*7 


33 


311 


73 




"3 




34 


317 


74 


237 


"4 


2-3I9 


35 


57 


75 


3-5* 


"5 


523 


36 


3«-3« 


76 


3*19 


116 


3*"39 


3' 




77 


711 


117 


3*13 


38 


3'19 


78 


2-3I3 


118 


2-59 


39 


313 


79 




119 


7-17 


40 


3»-5 


80 


2*5 


I30 


3»-3S 


41 




81 


3* 

D 


131 


II* 
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122 = 


= 2-6i 


167 




212 = 


= 22.53 


(123 


3-41 


168 = 


= 28-3-7 


213 


371 


124 


22-31 


169 


13* 


214 


2-107 


"5 


5» 


170 


2-5I7 


215 


543 


126 


2.32.J 


171 


32.19 


216 


28,3s 


127 




172 


22.43 


217 


731 


128 


27 


173 




218 


2-109 


129 


343 


174 


2-3-29 


219 


373 


130 


2513 


175 


5^-7 


220 


22-5.11 


131 




176 


2*11 


221 


13-17 


132 


2*-3-ii 


177 


3*59 


222 


2-3'37 


133 


rig 


178 


289 


223 




134 


207 


179 




224 


2«-7 


133 


3«-5 


180 


22.32.5 


225 


3^-5^ 


136 


2»I7 


181 




226 


2-113 


137 




182 


27.13 


227 




138 


2-3-23 


183 


361 


228 


22-3-19 


139 




184 


28.23 


229 




140 


22.5.7 


185 


5*37 


230 


2-5-23 


i4» 


3-47 


186 


2-3-3I 


231 


3711 


142 


271 


187 


1117 


232 


28-29 


M3 


'f*y 


188 


22.47 


233 




144 


24.32 


189 


3^-7 


234 


3.32.13 


M5 


5'^9 


190 


2-5I9 


235 


5:^^ 


146 


273 


191 




236 


22-59 


U1 


3-7^ 


192 


26.3 


237 


379 


148 


22.37 


193 




238 


2717 


149 




194 


2-97 


239 




150 


2-3-52 


195 


K^V 


240 


2*-3-6 


151 




196 


22-72 


241 




153 


2*19 


197 




242 


2-11* 


153 


3'i7 


198 


2.32.1 1 


243 


3^ 


154 


2-7'II 


T99 




244 


22-6l 


1S5 


5-31 


200 


23.^2 


245 


57^ 


156 


22.3.13 


201 


367 


246 


2-341 


157 




202 


2-IOI 


247 


13-19 


158 


279 


203 


729 


248 


28-391 


^59 


353 


204 


22.3.17 


249 


383 


160 


2^*5 


205 


5-41 


250 


2-58 


161 


723 


206 


2-103 


251 




162 


2-3* 


207 


3^23 


252 


22.32^ 


163 




208 


2*13 


253 


11*23 


164 


22-41 


209 


11-19 


254 


2-127 


165 


3-5II 


210 


2-3*57 


255 


3-5I7 


j66 


2-83 


211 




256 


38. 
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Tables 3.abd 3 a— Htpibbouc, N^LPSsrAHy or 

NaTDKAL LoOABITHia. 

1. Table 3 gives ihe hyperbolic logarithms of inUger numbers 
from 1 to 100. To find &e hyperbolic logarithm of an integer 
nmnber oonsLsting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
fflgnificant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second colunm of Table 3 a). For eonumple, to find 
the hyperbolic logarithm of 3700; 

Hyp. log. 87, 3-61092 

2 X Hyp. log. 10, 4*60517 

Hyp. log. 3700, 8-21669 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken 
irom the second column of Table 3 a. 

2. The hyperbolic logarithm of the product of two numbers is 
the sum of their hyperlmlic logarithms. For example, 

Hyp. log. 74, 4-30407 

Hyp. log. 50, 3-91202 

Hyp. log. 3700, 8*21609 

3. To find the hyperbolic logarithm of a decimal fraction oontain- 
ing not more than two significant figures ; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic looarithm 
of 10 as tiiere are places of decimals. That differenpe will be the 
required logarithm, and will be positive or negative aceording.aa 
the fi:%iction is greater or less than 1. For example^ 

Hyp. log. 37, 3-61092 

Hyp. log. 10, 2- 30259 

Hyp..k)g. 3-7, + 1 -30833 

Hyp. 1<^. 37, 3-61092 

3 X Hyp. log. 10, 6*90776 

Hyp. kg. 0-037, - 329684 

In such 'examples as the last, the fractional as well as theintfgod 
part of the hyperbolic logarithm is negative. 

4. Jlzampiesof Aeuseof Table3A. 

L To find rthe lyjierbolic Isgsritihm of 377 from its ocmunon 
logarithm; 
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2*57634, oommon logaritlim. 

2' 4-605170 

5 1151293 

7 161181 

6 13816 

3 691 

4 92 

Stmt, 5*932243 

The required hyperbolic logarithm is thus found to be 5*93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

II. To find the common logarithm corresponding to the hyper- 
boHc logarithm 5*93224; 

5*. 2171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2*576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2*57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum; then add together twice the quotient^ two- 
thirds of its cube, two-fifbhs of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attoined; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Eequired the hyperbolic logarithm of ^=ri. 

^ ■ u^ s= •0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 = -0187416 

Cube, -0000009x1 = -0000006 

377 
Hyp. ^%* <^37Q> <KnTeot to the seventh place of decimals, 0187422 

Novel — ^This process may be used in finding hyperbolic log- 
ttritbins of numbers not in the taUo. Vor example^ to find the 
hypexboBo logarithm of 377) we havo 
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From the tables, /^^•!^• ?^ lUf^^ 

^ ( hyp. log. 10, 2-30258 

hyp. log. 370, MI5S0 

377 
Hyp. log. ^, already calculated, 0*01874 

Hyp. log. 377, 5-93224 

6. To find the amUlogarUhm (or natoral number^ oorreqwnding 
to a given positiye hyperbolic logarithm by calculation, without 
using logarithmic tables; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
d^ree of accuracy; 

First term = 1. 

Second term ss The given hyp. log. 

Thirdterm = second term X ^^^l^-^E:^ 



2 
Fourth term = third term x SI?2-^ZELi2S: 



Fifthterm == fourth term X S^^-^^S^' 



4 
and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

Example. — ^To calculate the hyperbolic antilogarithm of 1 (in 
other words, the number whose hyperboUc logarithm is 1) to 
seven places of decimals ; 

Ist term, lOOOOOOO 

2d „ 1-0000000 

3d „ = 2d X i 0-5000000 

4th „ = 3d X i 0-1666667 

5th „ = 4th X 4 0-0416667 

6th „ = 5th X 4 0-0083333 

7th „ = 6th X 4 0-0013889 

8th „ = 7th X 4 0-0001984 

9th „ = 8th X 4 0-0000248 

10th „ = 9th X 4 0-0000027 

11th „ = 10th X A 0-0000003 

Hyperbolic antUogarithm of 1 = 2-7182818 

This number is ca]led the hose of the Ifaperian Loffariihmg, and 
denoted in algebr^ by the symbol c or & 
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JjOQASITHXB, 
Ka Hjp. Lqk. Sa Bjp. Ijog, Ka ^jpi Lqk. Ka Hyp. Log. 



Table 3.^H^ 



I 


0*00000 


36 


335810 


51 


3-93183 


76 


433073 


3 


0-69315 


27 


339584 


S3 


3-95134 


77 


4-34381 


3 


1-09861 


38 


3-33220 


53 


397029 


78 


4-35671 


4 


i-386«9 


29 


3-36730 


54 


3-98898 


79 


4-36945 


5 


1-60944 


30 


3-40120 


55 


4^733 


80 


4*38203 


6 


179176 


31 


3-43399 


56 


4*3535 


8r 


4*39446 


7 


1*94591 


33 


3-46574 


57 


4*4305 


83 


4-40673 


8 


207944 


33 


3-49651 


58 


4-06044 


83 


4*41884 


9 


3-19722 


34 


3-52636 


59 


4-07754 


84 


4-43082 


lO 


3-30259 


35 


355535 


60 


409434 


86 


4-44265 


II 


3-39790 


36 


3-58353 


61 


4-1 1087 


86 


4-45435 


13 


3-48491 


37 


3-61093 


63 


412713 


87 


4-46591 


13 


256495 


39 


3-63759 


63 


4-14313 


88 


4-47734 


H 


3-63906 


39 


3-66356 


64 


4-15888 


89 


4-48864 


'5 


2-70805 


40 


3-68888 


65 


4-17439 


90 


4-49981 


i6 


3-77259 


41 


3-71357 


66 


4-18965 


91 


4-51086 


I? 


3-83321 


43 


3-73767 


67 


4-20469 


93 


4-52179 


i8 


3-89037 


43 


3-76130 


68 


4-21951 


93 


4-53260 


19 


294444 


44 


3-78419 


69 


4-234 II 


94 


4-54329 


90 


3-99573 


45 


3-80666 


70 


4-24850 


95 


4-55388 


ai 


304463 


46 


3-82864 


71 


4-26268 


96 


4-56435 


33 


3-09104 


47 


3-85015 


73 


427667 


91 


4-57471 


«3 


313549 


48 


3-87120 


73 


4-29046 


98 


4*58497 


a* 


317805 


49 


389183 


74 


430407 


99 


4-59512 


«S 


331888 


50 


3-91303 


75 


4-31749 


100 


4-60517 



Hyp« log. 10, oorreot to eight places of decimals, = 2*30258509. 



Tabui 3 Ju^-JduLTiFLnexs 90R Oonvksxeho Looabithiib. 



3 

4 






a -6051^0 
9*910340 



Hyptrtoiio into Onmmon. 

I 

a 

3 

4 
5 
6 



0434^94 
0-863589 

n3rij« 

4^994$ 



7 
8 
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TaBLB 4. — MULTIFLIEBS VOR THIB ComnOnOir OF ClBOULAK 
LeNQTHS AJTD ASBAflL 





into 




1 




CSievmfofMMML 


into *—^~ < *^ 
Dlunalns 




BtdiiuHLengtluk 




I 


314K5 


0-31831 


6-2832 


0-15916 


X 


a 


6-2832 


0-63662 


12-5664 


031831 , 


a 


3 


94248 


0-95493 


18-8496 


0-47747 


3 


4 


12-5554 


1-27324 


251327 


0*63662 


4 


5 


157080 


1-59155 


31-4159 


079578 


5 


6 


18-8495 


1-90986 


37-6991 


095493 


6 


r 


21*9911 


2*22817 


43-9823 


I-IT409 


7 


8 


25^1337 


2*54648 


502655 


1^7324 


8 


9 


28-2743 


2-86479 


565487 


1-43240 


9 


10 


31-4159 


318310 


62-8319 


1-59155 


10 




IntA 4«>«A 


""-"Sr* 


into ^ 
Degraea. 


► 




mio 
S<iMi«ArflM. 


ObodtfAzMui.' 


U11W 




f 


0-7854 


1-2732 


00174533 


57-^958 


I 


a 


1-5708 


2*5465 


0-0349066 


114-5916 


2 


3 


2-3562 


3-8197 


00523599 


171-8873 


3 


4 


314^6 


50930 


0-0698132 


229-1831 


4 


5 


3.9270 


6-3662 


0-0872665 


286-4789 


5 


6 


4-7124 


76394 


0-1047197 


3437747 


6 


7 


54978 


8-9127 


O-1221730 


401-0705 


7 


8 


6-2832 


10-1859 


0-1396263 


458*3662 


8 


9 


7-0686 


11-4592 


0-1570796 


515-6620 


9 


lO 


78540 


12-7324 


01745329 


5729578 


10 




L-MfnutM S.-Badiii8-LeiigChi 


I*— Seconds 


ll-Badins-Leiigtlis 




into 


into 


into 


into 






BadinB-LengfhB. 


MinntM. 




SeooodA 




I- 


0*000291 


343775 


0-000005 


206265 


I 


2 


0-000582 


6875-50 


0-0000 10 


412530 


2 


3 


0-000873 


10313-24 


0-000015 


618794 


3 


4 


O-OOI164 


13750-99 


0-000019 


825059 


4 


5 


0001454 


17188-74 


0-000024 


1031324 


5 


6 


0-001745 


20626-48 


0-000029 


1237589 


6 


7 


0-002036 


24064-23 


0000034 


1^443854 


7 


8 


0-002327^ 


27501-97 


0-000039 


1650118 


8 


9 


0-002618 


30939-72 


0-000044 


1856383 


9 


10 


0-002909 


34377-47 


0000048 


2062648 


10 


20 


0*005818 




0000097 




20 


30 


0-008737 




0000145 




30 


40 


0-011636 




o'oooi94r 




40 


SO 


0-014544 




o*O0O94» 




*> 



40 numbebs asd figures. 

Examples op the Use op Table 4. 

L What is the circnmference of a circle whose diameter is 113 
inches) From diyision A of the table^ we have the following : — 

100 314-16 

10 31-416 

_3 94248 

113 Sum, 355-0008 

The answer is 355 inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the tabla 

II. What is the radius of a circle whose circumference is 710 
inches) From division D of the table, we have the following: — 

700 111-409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 

IIL What is the area in square inches of a circle of 8 inches 
diameter) Square of 8 = 64 = area in circula/r inches. Then, by 
division E of the table, 

60 47-124 

4 31416 

Area in square inches (tojivejigures only), 50*266 

IV. What is the diameter of a circle whose area is 5027 square 
inches) From division F of the table we have 

5000 6366-2 

20 25'ie5 

' 7 8-9127 

Area in circular inches {to Jim figures only), 6400*6 

the square root of which (by Table 1, the firactions being found by 
calculation) is 80004, being the diameter required in inches, correct 
to five places of figures. 

V. How many radius-lengths are there in an arc of 57° 17' 45") 

Badins-Lengtha. 

From division G, 50° 0-872665 

— — 7° 0-122173 

— — I, 10' 0-002909 

— — 7' 0*002036 

_ — L, 40" 0-000194 

— — 5" 0*000024 

Total, 57° 17' 45" 1000001 

or almost exactly one radius-length. 



CISCULAS LENGTHS AND AREA& 41 

TL How many minutes are there in the arc which is one- 
e^tietb (or 0*0125) of a radios-length 1 By division K we havo 

•01 34-3775 

O02 6-8755 

•0005 1-7189 

42-9719 Antum; 
or 42' 58" nearly. 



Explanation of Table 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit Circumferences 
and areas for diameters not in the table may be computed by tho 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squares of their 
diameters. 





Absas of Cibgleb. 


Bam. 


CrenK 


Ana. 


DoiL 


GtoaiL 


Ana. 


lOI 


317-30 


801a 


146 


45867 


16743 


I02 


320-44 


8171 


147 


46i-»i 


16972 


103 


32358 


8332 


148 


46496 


17203 


104 


32673 


8495 


149 


468*10 


17437 


105 


329-87 


8659 


150 


471-24 


1767I 


106 


33301 


8825 


151 


47438 


17908 


107 


33615 


8992 


152 


47752 


18146 


108 


33929 


9161 


153 


480-66 


18385 


109 


34243 


9331 


154 


48381 


18627 


IIO 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


490-09 


I9II3 


112 


35186 


9852 


157 


49323 


19359 


"3 


35500 


10029 


158 


496-37 


19607 


114 


35814 


10207 


159 


49951 


19856 


115 


361-28 


10387 


160 


502-65 


30106 


116 


36442 


10568 


161 


505-80 


20358 


117 


36757 


10751 


162 


50894 


20613 


118 


37071 


10936 


163 


512-08 


20867 


119 


37385 


rii22 


164 


515-22 


2II24 


120 


37699 


II3IO 


165 


518-36 


21382 


121 


380-13 


1 1 499 


166 


521-50 


2164a 


122 


38327 


1 1690 


167 


524-65 


21904 


123 


38642 


11882 


168 


52779 


22167 


124 


389-56 


12076 


169 


53093 


22432 


125 


39270 


12272 


170 


53407 


22698 


126 


39584 


12469 


171 


537*21 


22966 


127 


39898 


12668 


172 


54035 


23235 


128 


40212 


12868 


173 


54350 


23506 


129 


40527 


13070 


174 


54664 


23779 


130 


40841 


13273 


175 


54978 


24053 


131 


4"'55 


13478 


176 


552-92 


24329 


132 


414-69 


13685 


177 


556-06 


24606 


133 


41783 


13893 


178 


559-20 


24885 


134 


420-97 


14103 


179 


56235 


25165 


135 


424-12 


I43U 


180 


565*49 


25447 


136 


427-26 


14527 


181 


56863 


25730 


137 


430-40 


14741 


182 


57177 


26016 


138 


43354 


14957 


183 


574-91 


26302 


139 


43668 


15175 


184 


57805 


26590 


140 


439-82 


15394 


185 


581-19 


26880 


141 


442-96 


15615 


186 


584-34 


2717a 


142 


446-n 


15837 


187 


58748 


27465 


143 


44925 


16061 


188 


590-62 


27759 


144 


45239 


16286 


189 


59376 


28055 


145 


45553 


16513 


190 


696-90 


28353 



43 



INUL 


Orciun, 


Area. 


Di» 


Ommu 


Are*. 


191 


600*04 


38652 


236 


7414a 


43744 


rp^ 


60319 


38953 


237 


74456 


44115 


m 


€0633 ; 


29255 


238 


74770 


44488 


m 


60947 


29559 


^39 ; 


750-84 , 


44863 


195 


6i2'6i 


39S6S 


240 


753-9^ 


45239 


1^6 


^1^16 


3017a 


241 


75713 


45617 


19? 


61889 


30481 


243 


760-37 


45996 


198, 


622-04 


30791 


^43 


76341 


46377 


m 


6a5*i8 


3iic?3 


244 


76655 


46759 


300 


628-33 


3141^ 


345 


76969 


47 M4 


201 


631 46 


31731 


346 


77283 


47529 


202 


63460 


32047 


347 


77597 


47916 


203 


63774 


33365 


348 


779-12 


48305 


204 


64089 


3^685 


249 


782-26 


48695 


305 


64403 


33006 


250 


785-40 


49087 


206 


647^ 


33339 


35^ 


788-54 


49481 


207 


650-31 


33654 


252 


791-68 


49876 


J08 


65345 


33979 


253 


79482 


50373 


209 1 


65659 


34307 


354 


79796 


50671 


210 


65973 


34636 


255 


801 -It 


51071 


211 


662^88 


34967 


256 


804-35 


51473 


212 


666 '02 


35299 


257 


807-39 


51875 


213 


669-16 


35633 


258 


810-53 


52279 


214 


673-30 


35968 


259 


813-67 


53685 


^15 


675^44 


36305 


260 


8i6'8i 


53093 


216 


678-58 ' 


36644 1 


261 


819-96 


53502 


217 


68i'73 


36984 


362 


823-10 


539^3 


218 


684^87 


373^5 


263 


826^24 


54325 


219 


688-01 


37668 


264 


82938 


64739 


220 


69115 


38013 


265 


832^5^ 


55155 ; 


221 


694-39 


38360 


366 


835-66 


55572 


222 , 


69743 


38708 


267 


838-Si 


55990 


233 


700-58 


39057 


268 


84 1 '95 


56410 


224^ 


70373 


39408 


:i6g 


845*09 


56833 


225 


706-86 


39761 


370 


848-23 


57356 


226 


710-00 


4011S 


271 


851-37 


57680 


227 


713'U 


40471 


272 


854-5^ 


58107 


238 


716-28 


40828 


373 


857-66 


58535 


229 


719-42 


41187 


274 


860-80 


58965 


330 


72257 


41548 


275 


863-94 


59396 


23^ 


725-71 


419^0 


276 


867-08 


59828 


232 


728-85 


43273 


277 


870-22 


60263 


333 


731-99 


42638 


278 


873-36 


60699 


=34' 


735*^3 


43005 


279 


876-50 


61 136 


f>35 


7^38-^7 


43374 


I 380 


87.9-65 


fiiSl^ \ 



U: 



•*-a.it. 


,"■ rr-niifc 


«csa. 


TOXXE. 


CrcBiiL 


Area. 


^^- 


?<>C •^l 


j^^rrj 


i:lO 


1034-15 


83469 


^<^ 


:^->o 


>^^ 


3.17 


1037-30 


83982 


^-^.t 


Sisj-.-r 


J-Mc-^ 


T-^<J 


r=3Q*44 


84496 


ici* 


>M^ i'- 


^iJ^- 


T^ 


1=33-53 


85012 


^5 


^•.^ 


J^Jo. 


Jjc 


103^73 


85530 


iC^ 


>iV>?^ 


J^* * 


JJ^ 


1039-87 


86049 


^>'" 


JCL •-»^ 


JvHi^ 


JJ^ 


1043-01 


86570 


.N>^ 


JCj. *ci 


>5--— ■ 


3JJ 


1046 15 


87093 


^>ii 


jvr:- i^ 


J5o:jr 


5J-4^ 


1049-29 


87616 


^ic 


4: : -^ 


Joc.5^ 


JJ5 


i:=5^"43 


8814I 


Mi 


j:^-^ 


JO.-»c«:J 


Jo*^ 


i^5o-53 


88668 


M^ 


>»^.* J5 


joqoo 


>-*.«" 
jOi 


tc5S7:» 


89197 


^io 


J^ W 


J*4.-?J 


JJ^ 


tot)tS5 


89727 


i^* 


>»<' •» J 


j%^r 


JJ!» 


too5-oo 


90259 


M;v 


4^ ^* 


Ji>.>4a 


J4^ 


100614 


90792 


>i^> 


view Mi 


v^O^-J 


J+t 


ro7f3S 


91327 


^^^ 


<^i>^;5 


jQc;^^ 


J+« 


^^^4-42 


91863 


,Viv< 


<:*> '-M 


'^♦ir^r 


J4.5 


-^77 '57 


92401 


.Nh/ 


<N ,-* 


^^^:o 


J++ 


roecTi 


92941 


>v 


s|^.'*'> 


"^,^;i^o 


,^-*^ 


roSj-Ss 


93482 


>^^ 


^i<>'^-r 


:-^.^ 


.^^ 


toed 99 


94025 


>^-^ 


'i^^*?^ 


:v^jt 


S-^T 


rotWi3 


94569 


>v 


^i;?V^^ 


r^u-r 


3^^ 


1003-3: 


95115 


>^* 


^;?^V* 


:^^;5^J 


j-^^ 


ro96-43 


95662 


>\> 


viJ^'W 


>,5c^^ 


J;F 


109006 


96211 


>v 


^^'^A> 


:.^5+- 


JJ^ 


110370 


96763 


^:' 


^•**" 


:*^-i>? 


J5- 


tro5-S4 


97314 


>s< 


si*>*t>l 


:k^^ 


JJJ 


iro<J'98 


97868 


>w 


^N-?^ 


rw*it 


3J4 


1 113-13 


98423 


.^u^ 


^>^<si 


r^:: 


,^5J 


r"5'n 


98980 


.^^^ 


^rrv^ 


>.>.viQ4 


i5^ 


tnS'41 


99538 


.4^^ 


gvVu< 


r<^^>* 


.^ 


ri3i-55 


100098 


.^^5 


<t u 


r<?^43 


^> 


1134^ 


100660 


.^u 


^^\i<> 


r:^: 


33^ 


":?7^3 


101223 


si^'^ 


v^^i>o 


::»^3^ 


3^ 


I13QV7 


101788 


,^io 


^--^4 


r^4.: 


3^^ 


"34"" 


102354 


5^: 


o^>o;^ 


rv<g-r4 


3^- 


1137-36 


102922 


3U^ 


o^v^ 


:*4i3 


3<>^ 


1140-40 


103491 


310 


100^*17 


:*>^3 


3<^4 


"43o4 


104062 


3^ 


100531 


5^-4^5 


3^5 


Ii461» 


104635 


3^1 


ioo$*43 


5ik»^ 


300 


1149-82 


105209 


3^3 


1011^59 


^1433 , 


3<^7 


"5i"97 


105785 


3^3 


101473 


$1940 , 


3<« 


1156-11 


106362 


3*4 


1017^ 


S:r44S , 


3^9 


"59»5 


106941 


3^5 


ioaix>a 


SJ958 


370 


1163-39 


107521 



A5 



Diam. 


Cacnm. 


Area. 


Diam. 


Curcum. 


Area. 


371 


"^553 


I08103 


416 


1306-91 


135918 


37» 


1168-67 


108687 


417 


1310*05 


136572 


373 


1171-81 


109272 


418 


I31319 


137228 


374 


1174-96 


109858 


419 


1316-33 


137885 


375 


1178-10 


IIO447 


420 


1319*47 


138544 


376 


1181*24 


II 1036 


421 


1322*61 


139205 


377 


1184-38 


III628 


422 


132575 


139867 


378 


1187-52 


II222I 


423 


1328-89 


140531 


379 


1190-66 


II2815 


424 


1332-04 


I4II96 


380 


1193-81 


II34II 


425 


133518 


141863 


381 


1196-95 


I 14009 


426 


133832 


142531 


382 


1200-09 


I I 4608 


427 


134146 


143201 


383 


1203-23 


II5209 


428 


1344-60 


143872 


384 


1206-37 


II5812 


429 


134774 


144545 


385 


1209-51 


I16416 


430 


135089 


145220 


386 


1212-66 


II702I 


431 


135403 


145896 


387 


1215-80 


117628 


432 


135717 


146574 


388 


1218-94 


I 18237 


433 


1360-31 


147254 


389 


1222-08 


I 18847 


434 


136345 


147934 


390 


1225-22 


"9459 


435 


136659 


I48617 


391 


1228-36 


120072 


436 


136973 


149301 


39a 


1231-50 


120687 


437 


1372-88 


149987 


393 


123465 


121304 


438 


1376*02 


150674 


394 


123779 


121922 


439 


I37916 


151363 


396 


1240-93 


122542 


440 


138230 


152053 


396 


124407 


123163 


441 


1385-44 


152745 


397 


1247-21 


123786 


442 


1388-58 


153439 


398 


1250-35 


124410 


443 


139173 


154134 


399 


1253-50 


125036 


444 


1394*87 


154830 


400 


125664 


125664 


445 


1398-01 


155528 


401 


1259-78 


126293 


446 


1401-15 


156228 


402 


1262-92 


126923 


447 


1404-29 


156930 


403 


1266-06 


127556 


448 


140743 


157633 


404 


1269*20 


128190 


449 


1410-58 


158337 


40s 


1272-35 


128825 


450 


141372 


159043 


406 


1275-49 


129462 


451 


1416-86 


159751 


407 


1278-63 


130100 


452 


1420-00 


160460 


408 


1281-77 


130741 


453 


142314 


161171 


409 


1284-91 


131382 


454 


1426-28 


161883 


410 


1288-05 


132025 


455 


142942 


162597 


411 


1291*19 


132670 


456 


1432-57 


163313 


4" 


1294-34 


133317 


457 


143571 


164030 


413 


1297-48 


133965 


458 


143885 


164748 


4x4 


1300-62 


134614 


459 


1441-99 


165468 


415 


1303-76 


135265 


460 


1445-13 


16619O 



46 



Diam. 


Circuin. 


Aiea. 


Diam. 


OrcuRL 


Arau 


461 


1448-27 


1669I4 


506, 


1589-65 


J3OIO90 


462 


1451-43 


167639 


507 


159279 


201886 


463 


1454-56 


168365 


508 


1595-93 


^03683 


464 


145770 


169093 


509 


1599-07 


^103483 • 


465 


1460-84 


169823 


510 


l602*3I 


204383 ' 


466 


146398 


170554 


5" 


160535 


^^05084 ; 


467 


146713 


171287 


5" 


1608-50 


205887 ' 


468 


1470-27 


172021 


513 


1611-64 


,206693 


469 


1473-41 


172757 


514 


161478 


207499 


470 


1476-55 


173494 


515 


1617-92 


208307 


471 


1479-69 


174234 


516 


1621*06 


209117 ■ 


472 


1482-83 


174974 


517 


1624-20 


209938 


473 


1485-97 


175716 


518 


1627-35 


210741 


474 


1489-13 


176460 


519 


1630-49 


211556 . 


475 


1492-26 


177205 


520 


1633-63 


213373 • 


476 


1495-40 


177953 


521 


163677 


213189 


477 


1498-54 


178701 


522 


1639-91 


214008 


478 


1501-68 


179451 


523 


1643*05 


21482P 


479 


1504-83 


180203 


524 


1646*20 


^15651 


480 


1507-96 


180956 


525 


1649-34 


21647s 


481 


1511-11 


181711 


526 


1652-48 


217301 


482 


1514-25 


182467 


527 


1655-63 


318138 


483 


1517-39 


183225 


528 


165876 


218956 


484 


15*0-53 


183984 


529 


1661-90 


219787 


485 


1523-67 


184745 


530 


1665-04 


230618 


486 


152681 


185508 


531 


1668-19 


231452 


487 


152996 


186273 


532 


1671-33 


233387 


488 


1533-10 


187038 


533 


1674-47 


233133 


489 


1536-24 


187805 


534 


1677-61 


233961 


490 


1539-38 


188574 


535 


168075 


234801 


491 


1542-52 


189345 


536 


1683-89 


225643 


492 


1545-66 


190117 


537 


1687-04 


226484 


493 


1548-81 


190890 


538 


1690-18 


337339 


494 


1551-9S 


191665 


539 


1693-32 


338175 


495 


1555-09 


192442 


540 


1696-46 


339033 


496 


1558-23 


193221 


541 


1699-60 


229871 


497 


1561-37 


194000 


542 


170274 


230733 


498 


1564-51 


194783 


543 


170588 


23^574 


499 


1567-65 


195565 


544 


1709-03 


233438 


500 


1570-80 


196350 


545 


I712-I7 


233383 


SOI 


1573-94 


197136 


546 


1715-31 


234140 


50a 


1577-08 


197923 


547 


1718-45 


234998 


503 


.1580-23 


198713 


548 


1721-59 


235858 


504 


1583-36 


199504 


549 


172473 


336720 


505 


1586-50 


300296 


550; 


1727-88 


237583 
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Diam. 


Gfcum. 


An^ 


Dum. 


Orcum. ^ 


Arei 


,551 


1731 M 


238448 


596 


1873-39 


378986 


55^ 


1 7 34" 1^5 


^39314 


597 


187553 


379933 


5S3 


1737-30 


340182 


598 


187867 


280863 


554 


1740-44 


341051 


599 


]88r8i 


381803 


555 


174358 


341922 


6qo 


1884-96 


382743 


^^^ 


174673 


242795 


601 


1888-10 


383687 


557 


1749-87 


243669 


603 


1891-24 


284631 


558 


i753'<>i 


244545 


603 


1894-38 


385578 


559 


175^5-^5 


345433 


604 


1897-53 


286536 


; 5^ 


1759-39 


246301 


605 


190Q-66 


387475 


S<ii 


1762-43 


347181 


606 


1903-81 


288426 


563 


176558 


248063 


607 


igo6'r^S 


389379 


5<53 


176S72 


348947 


60B 


i9i0'O9 


290334 


564 


i77r86 


349833 


609 


1913-33 


291389 


5^5 


1775^00 


350719 


610 


1916-37 


392347 


566 


177814 


351607 


611 


1919-51 


293306 


567 


1781-28 


252497 


613 


1932-65 


394166 


568 


1784-42 


253388 


613 


1925-80 


295128 


B^9 


1787*57 


254281 


614 


1938-94 


296092 


570 


1790 71 


355176 


615 


1932*^8 


397057 


571 


1793-85 


356072 


6j6 


193523 


298024 


57^ 


1796-99 


356970 


617 


1938-36 


298992 


573 


1800^13 


357869 


6t8 


194150 


399962 


574 1 


180327 


258770 


619 


1944-65 


300934 


575 


1806-42 


259673 


620 


194779 


301907 


57^5 


1809-56 


360576 


631 


1950^93 


302883 


577 


181270 


261483 


622 


1954 07 


303858 


57S 


1815^84 


362389 


6s3 


1957-21 1 


304836 


579 


1818-98 


263398 


624 


1960-35 


305815 


580 


1823-12 


, 264308 


62^ 


1963-50 


306796 


58* 


182527 


365130 


626 


1966-64 


307779 


S82 


1828-41 


266033 


627 


1969-78 


308763 


S83 


1831-55 


366948 


628 


1972-92 


309748 


,584 


183469 


267865 


629 


1976-06 


310736 


585 


183783 


368783 


630 


1979-20 


311735 


586 


1840-97 


369702 


631 


1982-35 


313715 


587 


1844-11 


270624 


632 


1985-49 


3137^7 


588 


1847-26 


271547 


633 


1988-63 


314700 


589 


1850-40 


372471 


634 


1991-77 


315696 


590 


i853"54 


373397 


635 


1994-91 


316692 


^9^ 


: 1S56-68 


274325 


636 


199805 


317690 


592 


1859-83 


275254 


637 


2001*19 


318690 


593 


1862-96 


376184 


638 


3004 '34 


319693 


594 


1866-11 


377117 


639 


2007 -48 


320695 


595 


186925 


278052 


640 


201063 


321699 



4B 



INsm. 


Grcnm. 


641 


^1376 


64' 


2016*90 


643 


2020-04 


644 


2023-19 


645 


202633 


646 


202947 


647 


2032-61 


648 


2035-75 


649 


203889 


650 


2042-04 


651 


2045-18 


652 


2048-32 


653 


2051-46 


654 


2054-60 


655 


205774 


656 


206088 


<»57 


2064-03 


658 


2067-17 


<'59 


2070*31 


660 


2073-45 


661 


207659 


663 


2079-73 


663 


2082-88 


A64 


2086*02 


Mr, 


2089*16 


(>(>() 


2092-30 


MJ 


2095-44 


66H 


2098-58 


669 


210173 


070 


2104-87 


071 


2I08'0I 


f»7ii 


2ttl'l5 


••»7;i 


2114*29 


"74 


2M7M3 


f*1H 


2120-58 


070 


21237* 


077 


9120*86 


n7H 


2tJ0*00 


070 


«»;Kr«4 


nHD 


ftt;)0*aH 


nHt 


tfijg*4fl 


nH« 


•«4««7 


nM,i 


•«4rt7« 
tfi4H»Ha 


nH^ 


OHfl 


«i«roo 



3**705 


686 


3*3713 


687 


3247*' 


688 


325733 


689 


3*6745 


690 


327759 


691 


32877s 


692 


3*979* 


693 


330810 


694 


331831 


695 


332853 


696 


33387<» 


697 


334901 


698 


335927 


699 


33695s 


700 


33798s 


701 


339016 


702 


340049 


703 


341084 


704 


343119 


705 


343157 


706 


344196 


707 


345237 


708 


346279 


709 


347323 


710 


348368 


711 


349415 


712 


350464 


713 


3515U 


714 


35*565 


715 


353618 


716 


354673 


717 


355730 


718 


356788 


719 


357847 


720 


358908 


731 


359971 


722 


361035 


723 


363101 


724 


363168 


725 


364237 


726 


365308 


727 


366380 


728 


367403 


729 


308528 


730 



ai5Si3 
215827 
2161-42 
2164-56 
216770 
2170-84 

2i73"98 
2177-12 
2180-27 
2183-41 
2186-55 
2189*69 
2192-83 

2199-11 
2202*26 
2205-40 
2208-54 

2211-68 

2214*82 
22i7'96 
2221-11 
2224*25 
2227*39 
2230*53 
2233*67 
2236*81 
2239*96 
2243*10 
2246*24 
2249*38 
2252*52 
2255*66 
2258*81 
2261*95 
2265*09 
2268*23 
2271*37 
2274*51 
2277*65 
2280*80 
2283*94 
2287*08 
2290*22 
9293*36 



Area. 

370684 
371764 
372845 
373928 
375013 
376099 

377187 
378276 

3793^^7 
380459 
381554 
382649 

38374^ 
384845 
385945 
387047 
388151 
38925^ 
3903^^3 
39147 I 
392580 
393692 
394805 
395919 
39703s 
398153 
399272 

400393 
401515 
402639 

403765 
404892 
406020 
407150 
408282 
409416 
410550 
41 1687 
412825 

413965 
415106 
416248 
417393 
418539 
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DiuL 


Crcnm. 


Area. 


Diam. 


Orainu 


Anil 


731 


2296-50 


419686 


776 


243788 


472948 


733 


2299-65 


420835 


777 


2441-02 


474168 


733 


2302-79 


421986 


778 


2444-16 


475389 


734 


230593 


423139 


779 


244730 


476612 


735 


230907 


424293 


780 


245044 


477836 


736 


2312-21 


425448 


781 


245358 


479062 


737 


3315-35 


426604 


782 


245673 


480290 


738 


2318-50 


427762 


783 


245987 


481519 


739 


2321-64 


428922 


784 


246301 


482750 


740 


332478 


430084 


785 


2466-15 


483982 


741 


232792 


431247 


786 


2469-29 


485216 


748 


233106 


432412 


787 


247243 


486451 


743 


233420 


433578 


788 


2475-58 


487688 


744 


233734 


434746 


789 


247872 


488927 


745 


234049 


435916 


790 


2481-86 


490167 


746 


2343*63 


437087 


791 


2485-00 


491409 


747 


234677 


438259 


792 


2488-14 


492652 


748 


2349-91 


439433 


793 


2491-28 


493897 


749 


235305 


440609 


794 


2494-42 


495143 


750 


235619 


441786 


795 


2497*57 


496391 


751 


235934 


442965 


796 


250071 


497641 


752 


236248 


444146 


797 


250385 


498892 


753 


236562 


445328 


798 


2506-99 


500145 


754 


236876 


44651 I 


799 


2510-13 


501399 


755 


2371*90 


447697 


800 


2513-27 


502655 


756 


237504 


448883 


801 


2516-42 


503912 


757 


237819 


450072 


802 


2519-56 


505171 


758 


238133 


451262 


803 


252270 


506432 


759 


2384-47 


452453 


804 


252584 


507694 


760 


2387-61 


453646 


805 


252898 


508958 


761 


239075 


454841 


806 


2532-12 


510223 


76a 


239389 


456037 


807 


2535*27 


511490 


763 


2397-04 


457234 


808 


2538-41 


512758 


764 


2400-18 


458434 


809 


2541*55 


514028 


765 


2403*32 


459635 


810 


2544-69 


515300 


766 


2406-46 


460837 


811 


2547*83 


516573 


767 


2409-60 


462041 


812 


2550-97 


517848 


768 


241274 


463247 


813 


2554-" 


519124 


769 


2415-88 


464454 


814 


255726 


520402 


770 


2419-03 


465663 


815 


2560-40 


521681 


771 


2422-17 


466873 


816 


2563-54 


522962 


773 


2425-31 


468085 


817 


256668 


524245 


773 


242845 


469298 


818 


256982 


525529 


774 


2431-59 


470513 


819 


2572-96 


526814 


775 


243473 


471730 


820 


2576-11 


528102 







jcn. 


■n 


Ctaam. 


Am. 


'ji;; 


-?r^ -5 


5^i-?i- 


*s» 


r:so-62 


589014 


^i 


-5>-^ ?^ 


?J^^^- 


^8": 


5;237fi 


59037s 


*^ 




?J-**? 


S!0 


»;26-90 


591738 


fc* 


iti^4: 


jwv^J^: 


^ 


^730-04 


59310a 


^' 




Fj^r'-^ 


* • "" 


^:33i9 


594468 


^•* 


^?:w-j* 


5Jo^?^ 


>Ti 


273»-33 


59583s 


^'' 


•i:?:-'^*" 


?•?.* - r* 


S*i 


s;39-47 


597204 


:ss? 


i»Kr:r^ 


?j>>-r^ 


>T3 


-42-61 


59857s 


*-w 


i»Ar^ ?>> 


?j^r5> 


>T4 


574575 


599947 


#*,- 


N?C-"5:^ 


^:c*i 


^75 


-74S% 


601330 


i^u 


^•rtc'^ 


5^-?^> 


^r^ 


5755^ 


603696 


^« 


^•7:j:t>i 


5^?r- 


^rr 


-75518 


604073 


>^^« 


^t^?V;J 


?L*4.4"-i 


• 


*75S3» 


<>oS45» 


#»♦ 


^r-roj 


,^,.-55> 


>:* 


3;6i-46 


606831 


^'S^^ 


j«,*^i ^.t 


j^r?:^^ 


Sso 


2764-60 


608318 


5^** 


■^*-^" i^? 


^^vs:ii 


^i 


57*774 


609595 


^«: 


^^^* 51 


.v---^^ 


jSJi 


2770-88 


610980 


.<«.< 


,N\;^^^5 


?J'54l 


5!?3 


5774^3 


613366 


. *,^* 


i*,"X- ^ 


.N?^5^ 


*54 


5777«7 


613754 


^0 


^^J^^ ^ 


.v^^ri 


S?5 


a7*>-3i 


615143 


,<♦» 


>,%^vs< 


.vv^^r 


S5» 


57S3-45 


616534 


5^.- 


,N-^^^^J 


^^^^I4 


S5t 


»7^»S9 


617937 


>v« 


•N%>>^ 


.vi^U^ 


SSS 


57^973 


619331 


^<*4 


-N\x: 51 


.W4^; 


*59 


»792«8 


620717 


>^^ 


iO,^4^5 


^^>^7rH 


S*} 


2796«a 


633114 


S^x'' 


•N\x::^ 


3'>^iJi 


$41 


2799-16 


623513 


; 5^*: . 


^^.vv^ 


.-^^45^ 


Si;. 


2802-30 


624913 


S^?' 


-Nx^v; 


.^4T>3 


^3 


aSoSW 


626315 


|5Mv> 


-ss^: i\ 


5<N>ii6 


S*4 


2808-58 


637718 


5*5^^ 


-*o:-"\.^ 


5^:45^ 


v<«5 


2S1173 


629134 


*5« 


-^:.i\^^ 


$c<i7$o 


S^ 


2814-87 


630530 


>^5* 


^070x^4 


ci:-"»^4 


^41 


2818-01 


631938 


S53 


^070:5^ 


5:m^3 


$98 


2821-15 


633348 


)»S4 


JC^-*N»l 


5:--^3 


$99 


3824-29 


634760 


»*3 


^o^o>?6 


3:414^ 


900 


3827-43 


636173 


S50 


JC^0*iO 


5:s^4<K> 


901 


2830-58 


637587 


8S7 


^00^34 


5:^-^35 


90a 


38337a 


639003 


838 


^005-49 


57{>i$3 


903 


2836-86 


640431 


8S9 


17698^3 


5:9530 


; 9^ 


3840-00 


641840 


860 


370177 


5S0SS0 


1 >°3 


284314 


643361 


861 


3704-91 


58:^^3^ : 


I906 


2846-28 


644683 


86a 


2708-05 


583585 


907 


2849-4* 


646107 


863 


271119 


584940 


908 


2852-57 


647533 


864 


a7M-34 


586297 


909 


285571 


648960 


865 


2717-48 


587655 


910 


2858-85 


650388 
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Diam. 


Grcnm. 


Area. 


DUun. 


Crcnm. 


Area. 


911 


2861*99 


651818 


956 


300336 


717804 


912 


286513 


653250 


957 


3006-50 


719306 


913 


286827 


654684 


958 


3009-65 


720810 


914 


2871-42 


6561 19 


959 


3012*79 


722316 


9^5 


28745^ 


^57555 


960 


3015-93 


723823 


916 


287770 


658993 


961 


3019-07 


725332 


9«7 


288084 


660433 


962 


3022*21 


726842 


918 


288398 


661874 


963 


3025-35 


728354 


919 


288712 


663317 


964 


3028*50 


729867 


920 


2890*27 


664761 


965 


3031-64 


731382 


921 


2893*41 


666207 


g66 


303478 


732899 


9at 


2896-55 


667654 


967 


3037*92 


734417 


9^3 


2899*69 


669103 


968 


3041*06 


735937 


924 


2902*83 


670554 


9^9 


304420 


737458 


925 


290597 


672006 


970 


304734 


738981 


926 


2909*11 


673460 


971 


3050-49 


740506 


927 


2912*26 


674916 


972 


305363 


742032 


928 


2915*40 


676372 


973 


3056-77 


743559 


929 


2918*54 


677831 


774 


305991 


745088 


930 


2921*68 


679291 


975 


306305 


746619 


931 


2924*82 


680753 


976 


3066*19 


748151 


93» 


2927-96 


682216 


977 


306934 


749685 


933 


29Si'ii 


683680 


978 


3072-48 


751221 


934 


29343s 


685147 


979 


3075-62 


752758 


935 


293739 


686615 


980 


307876 


754296 


93^ 


294053 


688084 


981 


3081-90 


755837 


937 


294367 


689555 


982 


3085-04 


757378 


938 


2946*81 


691028 


983 


3088-19 


758922 


939 


294996 


692502 


984 


3091-33 


760466 


940 


2953*10 


693978 


985 


309447 


762013 


941 


295624 


695455 


986 


309761 


763561 


942 


295938 


696934 


987 


310075 


765111 


943 


2962*52 


698415 


988 


3103-89 


766662 


944 


2965*66 


699897 


989 


3107-04 


768215 


945 


2968-81 


701380 


990 


3110-18 


769769 


946 


2971-95 


702865 


991 


3113*32 


771325 


947 


297509 


704353 


992 


3116*46 


772882 


948 


2978-23 


705840 


993 


3119*60 


774441 


949 


2981-37 


707330 


994 


312374 


776002 


950 


2984-51 


708822 


995 


3125-88 


777564 


951 


298765 


710315 


996 


3129-03 


779128 


953 


2990*80 


711810 


997 


3132-17 


780693 


953 


299394 


713306 


998 


3135-31 


782260 


954 


2997-08 


714803 


999 


3138-45 


783828 


955 


3000*22 


716303 


1000 


8141-59 


785398 



52 KUMBEBS AND FIGURES. 



TRIGONOMETRICAL RULES. 

(The following is a summary of the principles and chief rule 
trigonometry. In applying those rules to ordinary mechaii 
questions, a very brief table, such as Table 6, is sufficient; but 
purposes of surveying, astronomy, and navigation, it is necessar 
use tables too voluminous to be included in such a work as this 

I. Trigonometrical Functions Defined, — Suppose that A, E 
stand for the three angles of a right-angled triangle, being 
right angle, and that a, b, c stand for the sides respectively oppc 
to those angles, c being the .hypothenuse; then the various na 
of trigonometrical functions of the angle A have the follow 
meanings : — 

• A ^ A ^ 

sin A = - ; cos A = ; 
versin A 





c 


( 


c' 




A = *- 


-b 

e ' 


coversin A 


__c 


-a 
c 


tan A 


a 
-b' 


cotan A = 


h 
'a' 




sec A 


c 
~b'' 


cosec A = 


c 
a 





The ixymplemene of A means the angle B, such that A + B : 
right angle; and the sine of each of those angles is the cosine of 
other, and so of the other functions by pairs. 

II. Belations a/mongat the Trigonometrical Functions of ' 
Angle, A, and of its Supplement, 180° — A : — 

A n 9-r tan A 1 

sm A = V 1 — cos^ A = r- = r ; 

sec A cosec A 

A /-n . 9 A cotan A 1 

cos A = s/ I — sm2 A = T- = r; 

cosec A sec A' 

versin A := 1 — cos A; 

coversin A = 1 — sin A'; 

tan A =: 7- = — 7 T- =: sin A • sec A = J sec^ A — 1 

cos A cotan A 

ootan A = -: — r- = r- = cos A • cosec A = >/ cosec^ A — 

sm A tan A 

sec A = = /s/l + tan^A: 

cos A ' 

cosec A = -T— T- = \/l + cotan2A. 
sm A "* ^ 
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8in(180« — A) = 8inA; 

cos (180*» — A) = — cos A; 

versm (180* — A)=l+cosA=r2 — yersin A; 

coversiD (180" — A) = coversin A; 

tan(180« — A) = — tanA; 

cotan (180» — A) = — ootan A; 

sec (180*» — A) = — sec A; 

cosec (180* — A) = cosec A. 

To compute sines, &c, approximately by series; redace the 
a^e to circular measure — that is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A Then 

A' A* A^ 

•^ ^ = ^ - 273 ■" 2:31:5 - 23A5A7 -^ -^ 
A* A* A* 

HL Trigonometrical Functions of Two Angles: — 

sin (A =±= B) = sin A cos B =t= cos A sin B ; 

cos (A =1= B) = cos A cos B =7= sin A sin B; 

4. /A_i_-D\ tanA=±itanB 

tan (A =1= B) = 4 t— — 15. 

^ ^1 =4ptan AtanB 

IV. FormulcB/or the SoliUion of Plane Triangle, — Let A, B, 
be the angles, and a, b, c the sides respectively opposite them. 

1. RelattoHS «!■•■«•€ the JLngles— 

A + B + C = 180"; 
or if A and B are given, 

C = 180^ - A - B. 

2. When the Angles amd One SMe we glTem, let a be the given 
side; then the other two sides are 

, sin B sin 

sin A' sm A 

3. WheM Twe Sides and the Inclndcd Angle are given* let a, b he- 

the given sides, C the given included angle; then 

Tojlnd the third side. First Method: 

u = ^ (a2 + 52 _ 2 a 6 cos C) j 

Second Method: Make sin D = =- • cos ^r > then 

a^b 2 ' 

e = (a + 5} cos D. 
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Third Method: Make tan E = =- • sin -s- : then 

c = (a - 5) sec EL 
To find the rerruiining cmgles, A and B. 
If the third side has been computed, 

sinA = --sinC: sinB =-'sin(l 
c ' e 

If the third side has not been computed, 

^ A + B ^ ^ A-B a-6_^ 
tan ^^ = coi^^;t^—^=—^cottm^; 

A A + B A - B A + B A-B 

^ = — 2~ "^ ~2~^ ^ = ~2 2"* 

4. Whea the Three 8Mes we gireM, ^//^ any one o/the CmgUi, 
such as C — 

cos C « 5 — I — ; 

2 ab ' 

^) otherwise, let 

^ a + b + c . , 
f = 5 ; tnen 

Sin = ^N^^(^"«)(^-^)(^"^) 

NoTR — In all trigonometrical problems, it is to be borne in mind, 
that small acute angles, and large obtuse angles, are most accurately 
determined by means of their sines, t<mgents, and coseccmts, and 
angles approaching a right angle by their cosines, cokmgeiUs, and 
secants, 

5, Te Scire a Bight-Aiigied Triangle.— Let C denote the right 
angle; c the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse e. 
Then 

A = 90**-B; a «c'cosB; 6 = csinR 
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GiyeD, tlie riglit angle, another angle B, a aide a, 

A = 90""- B; h^a'tmB; csa'secR 
Given^ the right ang^e, and the sides a, b, 

tan A =» X i *"^ B = - : c = \(^^~+^r 
o a 

Given, the right angle, the hypothennse e; a side a, 

sinA = cosB= -; 6= J (^ -- a\ 
c 

Given, the throe sides a, 5, c, which fulfilling the equation 
c^ = a^ + 6^, the triangle is known to be right-angled at 0. 

• A « • -D ^ 
sm A s= — : sin Jd = -. 
c' 

6. T« ExpNM the Axmm •# a Flaae Twimmglm la Tcna* •£ lla Mdta* 

Given^ one side, e, and the angles. 

. c* sin A sin B 

Area = © • . r* 

2 sinC 

Given, two sides, b, c, and the included angle A. 

. 6 c * sin A 
Area ^ . 

Given, the three sides a, 5, c Let 5 = s; then 

Area = i^ -I « (« — a) (5 - 5) (5 — c) > . 

V. Bttlea for the Solution of Spherical Triangles, — ^Let A, B, O 
denote the three angles of a spherical triangle, and «s fi, */•, the 
angles subtended by its sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The spherical excess means, the excess of the sum of the angles 
A + B + aboYe two right angles. 

- Spherical excess _ area of triangle 

4 right angles surface of hemisphere 

2. To compute the approxiTnate splterical excess^ in seconds, of a 
triangle on the earth's sur£ice whose area is given; divide that 
area by one or other of the following divisors, according as it is 
given in square feet, in square nautical miles, or in square metres :— • 

Area gfrm in DlTisor. Com. Log. 

Square feet, 2,115,500,000 9-3254101 

Square nautical miles, 57*29578 1 7 58 1 226 

Square metres, 196,530,000 8*293424^ 
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3. Given, two angles of a spherical triangle, and the side between 
them; to find the remaining sides and angle — 

Let A, B be the given angles, and y the given side. Then to 
find the remaining sides, « and ^— 

A-B 



tan —25 — = tan ^ • 



2 2 A + B' 

cos t: 



tan — s — = tail 



. A-B 

sin s — 



2 . A + B' 

_ a& + ff tf - /3 » -h fi « - /8 

•-~2~^"~2^^ ^-""2 2 •. 

To find the remaining angle, C, we have -the proportion- 
sin « : sin /3 : sin y : : sin A : sin B : sin C. 
4. Given, two sides of a spherical triangle and the angle between 
them; to find the remaining side and angle — 
Let u, /3 be the given sides ; C, the given angle. 
First Method, — To find the remaining side, y; 

cos y = cos « • cos /3 + sin « • sin /3 • cos 0; 

but this formula being unsuited to calculation by logarithms, the 
following has been deduced from it : — 

Make sin D = cos -^ • a / sin « • sin /8; then 



sin 



»i-V{"''(t-"*")"(^-°)}^ 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin ^ : : sin C : sin A : sin B. 
Second Method. — To find the remaining angles, A, R 

, A + B 



, A-B 

tan — s — 



cos 


2 


• cotan 


c 

3 




u 

cos — 


+ /3 
2 




sin 


«- /J 

2 


' cotan 




'2 




sm - 


4./S 





COS 
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A _ A + B A-B ^ A^-B A-B 

A T""*" ~2~"' -^^ 2 2~* 

The remaining side, y, is found hj the proportion stated 
above. 

5. The three sides of a s|)herical triangle being given^ to find 
the angles — 

Let C be the angle sought in the first instance. Then 

^ cosy-cos«*coSf3 

cosC = ; ; — : 

sin » ' sin fi 

or otherwise- 
Let 9 = Q — - denote the half sum of the sides; 

^=A / 8in<r'sin(a-y) . gjj^O ^ . / sin(a-^)(8inir--/3) 
2 V sin«*sin/S -* V 8in«*8in/3 

C C C 

cos ^ is best when ^ approaches a right angle j sin ^ when ^ is small. 

These formulse will serve alike to compute any angle. If it is 
desired to express the angle sought by A or by B, the following 
substitutions are to be made in the formulse : — 

For the following symbols in the formulae for C,... » fi y 

Substitute respectively in the formulae for A,... fi y m 

— — — — for B,... y m fi 

6. In a right-angled spherical triangle, the right angle and any 
two other parts being given, to find the remaining parts — 

Let C be the right angle, and y the side opposite to it. 

Case L Two sides being given, the third is found by the 
equation- 
cos » • cos fi = cos y; 
and the oblique angles by the equations — 

cos A = cotan y * tan fi; cos B = cotan y * tan »; 
or by the equations — 

cotan A = cotan « * sin /3; cotan B = cotan j3 * sin «. 

Case II. Given, a side (u) and the opposite angle (A). Find 
the side fi by the formula — 

an fi = tan » • cotan A; 

then find y and B as in Case L 



58 17UMBERS Aim FIQUREg. 

Case IIL Given, a side («) and the adjacent angle (B). Find 
the side y by the formula — 

cotan y = cos A * cotan fi; 
then find « and B as in Case I. 

Case IV. Given, two angles, A, B — 

cos A ^ cos B . A X Tk 

cos a = -, — =r: cos i3 r= - — - ! COB y = cotan A • ODtan R 
sm B sm A 

VL Approximate Sdutions of Spherical Triomglea^ used in 
Trigonometrical Surveying. 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles. A, B; to find approximately the 
third angle, C. 

Calculate the approximate area of the triangle, as if it were 
plane. From that area calculate the '^spherical excess^" X. Then 

C = 180° + X - A - B. 

2. To find approximately the remaining sides, a, 6, of the same 
triangle. Let «, /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That ia to 
£ay— > 

_ sin(A-f) ^^_ sin(B-f) 



in(c-f) Bin(0-f) 



sm 

Problem Third. — Given, in a triangle on the earth's surface, 
two sides, a, h, and th« included angle, C, to find the remaining 
side, c, and angles, A, B. 

Compute the approodmafe area as if the triangle were plane; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, b, and the included 

angle C'= C — ^, and find the third side, c, and the remaining 

angles, A', B'. Then for the remaining angles of the real spherical 
triangle, take 

A = A'+|;B = B'+? 



B» 



Table 6. — ^Abcs, Sana, ahd TAVoorn^ iob kyxbt Dxoseb 

V TO 89**. 



EzFLAVAnOV. 

1. Tbe table gireii srea and their oomplements in eireolar 
measnmy sines and cosines, tangents and cotangents, for every 
whole degree^ correct to fiye phu^es of dedmala 

2. Arcs containing fractions of a degree may be found either 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by 0-01745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, &c, of angles containing fractions of a 
d^ree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of angles between O"" and ^> ) rr g 
For cosines and cotangents of angles between 84** > , ® 
and 90^ :. j P^*^> 

For sines of angles between 6^ and 90^, "^ 

For cosines of angles between 0° and Si^, 1 To four 

For tangents of angles between 6° and 30°, [ places; 

For cotangents of angles between 60® and S^"", J 

For tangents of angles between 30** and 46®, ) To three 

For cotangents of angles between 45° and 60°, J place& 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 
Example.— Required the sine of 30° 20' = 30° J. 

Sine of 30°, -50000 

Sine of 31°, -51504 

Difference, -01504 

_xi 
-00501 

Add sine of 30°, -50000 

Sin 30° J, correct to four places of decimals, -50501 

4. The sine or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimals, when required, as 
follows : — ^Find a first approximation to the sine or cosine by the 
preceding rula Then multiply together the given fraction of a 
d^ree, the difference between that fraction and unity, the fraction 
-00015, and the approximate sine or cosine already found; the 
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product will be a correction, to be added to the approximate sine 
or cosine for a more exact value. 

Example. — Required the sine of 30°J, correct to five places of 
decimals. 

First approximation, as already found, '50501 

Correction to be added, i x | x -00015 x -50501 = -000017 

Sum -505027 
so tliat the sine required, to five places of decimals, is -50503. 

Correction-Factors, to Multiply Approximate Sines and 
Cosines. 



Minntee. 


Factora 


Minutes. 


5 


I -0000 II 


55 


lO 


I -00002 1 


50 


15 


1-000028 


45 


20 


1-000033 


40 


25 


1-000036 


35 


30 


1-000037 


30 



A^ Are. 
I°...Ol745.. 

2 03491 

3 0^236 

4 06981 

5 ...08727.. 

6 1047a 

7 12217 

8 13963 

9 ...15708.. 

10 17453 

11 19199 

12 20944 

13 ...22689.. 

14 24435 

15 26180 

16 27925 
17... 29671.. 

18 31416 

19 33161 

20 34907 
21... 3^5652. . 

22 38397 

23 40143 

24 41888 

25... 43633.. 

26 45379 

27 47124 

28 48869 
29... 50615.. 

30 52360 

31 54105 

32 55850 
33-.. 57596.. 

34 59341 

35 61087 

36 62832 

37— 64577.. 

38 66322 

39 68068 

40 69813 
41... 71558.. 

42 73304 

43 75049 

44 76794 
45... 78540.. 

Co-aogle. Co-arc 



•01745 
03490 

05234 
06976 
.08716 

10453 
I2187 

^3917 
15643 
17365 
1 908 1 
20791 
.22495 
34192 
25882 

27564 
.29237 
^902 

32557 
34202 

35837. 
37461 
39073 
40674 
,42262, 

43837 

45399 
46947 
.48481. 
50000 
51504 
52992 
54464 
55919 
57358 

58779 
.60182, 
61566 
62932 

64279 
.65606. 
66913 
68200 
69466 
.70711 

Co-sine. 



TaiifmL 
...01746.. 
03493 
05241 
06993 
...08749.. 
IO51O 
12278 

14054 
..15838.. 

17633 
19438 
21256 
,..23087, 
24933 
26795 
28675 

..30573- 
32492 

34433 

36397 

..38386.. 

40403 

42447 

44523 

..46631.. 

48773 
50953 
53171 

..55431- 
57735 
60086 
62487 

..64941.. 

67451 
70021 

72654 
..75355.. 
78129 
80978 
83910 
..86929.. 
90040 
93252 
96569 

I'OOOOO.. 
Co-tangent 



Ce-teBfent 
.57-28996. 
28-63625 
1908114 
1430067 
.1143005. 
951436 

814435 

7-11540 

• 6-31375. 

5-67128 

5M455 
4*70463 

. 4-33148. 
4-01078 
373205 
3-48741 

. 3-27085. 
3-07768 
3-90421 
2-74748 

. 2-60509. 
2-47509 

235585 
2-24604 
. 314451. 
2-05030 
I -9626 1 
1-88073 
1-80405.. 
1-73205 
1*66428 
1-60033 
1-53986. 
1-48256 
1-42815 
1-37638 
1-32704. 
1-27994 
1-23490 
1-19175 

1-15037. 

1-11061 

1-07237 

1-03553 

I -00000. 

Tangent 



Co-«be. 
.99985 .• 

99939 
99863 
99756 
.99619... 
99452 

99255 

99027 
.98769... 

98481 

98163 

97815 
.97437-.. 

97030 

96593 
96126 

.95630... 
95106 
94552 
93969 
.93358... 
92718 
92050 

91355 
.90631... 

89879 
89101 
88295 
.87462... 
86603 

85717 
84805 
.83867... 
82904 

81915 
80903 

.79864... 
78801 

77715 
76604 

.75471... 
74314 
73135 
7^934 
.70711... 

Sine. 



Co-«re. Co^uiglc 

•55335...89' 
•53589 88 
-51844 87 
-50099 86 

•48353...85 
-46608 84 
-44863 83 
-431 17 83 
-4T373...81 
•39627 80 
•37881 79 
•36136 78 
-34391. .77 
•32645 76 
•30900 75 

-29155 74 
-27409...73 
•25664 72 
-23919 71 
-22173 70 
-20428. ..69 
-18683 68 
-16937 67 
-15192 66 

-13447.. .65 
-11701 64 
-09956 63 
-082 1 1 62 
-06465... 6 1 
-04720 60 
-02975 59 
-01230 58 
99484.. .57 
97739 56 
95993 55 
94248 54 

92503. .53 
90758 52 
89012 51 
87267 50 
85522. ..49 
83776 48 
82031 47 
80286 46 
78540...45 

Arc Angle. 
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ETJLES FOR THE MENSURATION OP FIOXTREa 



Section L — ^Plaki Absa& 



1. Pfiteiagiwi BuLE A. — Multiply the length of one of the 
sides by the perpendicular distance between that side and the 
0{^»site side. 

Bulb R — ^Multiply together the lengths of two adjacent sides 
and the sine of the angle which they make with each other. 
(When the parallelogram is right-angled, that sine is = 1.) 

2. TrapcavM (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not parallel). Multiply 
the half sum of the two parallel sides by the perpendicular distance 
between tiiiem. 

3. TriuMgifw Bulb A. — ^Multiply the length of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angle. 

Bulb R — Multi|dy one-half of the product of any two of the 
sides by the sine of the angle between them. 

BiTLE C. — Multiply together the following four quantities : the 
half sum of the three sides, and the three remainders left after 
sabtracUng each of the three sides &om that half sum; extract the 
square root of the quotient; that root will be the area required. 

Note. — An^ polygon may be measured by dividing it into tri- 
angles, measuring those triajigles, and adding their areas together. 

i. IPmnh^Ue VlgavM •# tte Third I»«gn)e«— The paiabolic figures 
to which the following rules apply are of the following kind (see 
figs. 1 and 2.) One boundary is a straiglit line, A X, called the 

hose or axis; two other boundaries are ^ ^ 

dther points in that line, or straight 

lines at right angles to it, such as 

A B and X. C, called ordinateB; and 

the fourth boimdaiy is a curve, B C, 

of the pcMraholic doss, and of the third to i • wo 

degree; that is, a curve whose ordvnjote ^ ^ 

(or p^rpendicrdar distance from the base A X) at any point is 

expressed by what is called an algebraiccd function of Ae third 

d^ree of the ahscisaa (or distance of that ordinate from a fixed 

point in the base). An algebraical function of the third degree of a 

quantily consists of terms not exceeding four in number, dt which 
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one may be constant, and the rest must be proportional to powerd 
of that quantity not higher than the cube. 

KuLE A. — ^Divide ti^e base, as in fig. 1, into two equal parts 
or intervals; measure the endmost ordmates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates a,nd Jbuir times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

P,ULE B. — Divide the base, as in ^g, 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inter- 
mediate ordinates; divide the sum by eight; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at eadi 
euch point of meeting is to be made = 0. 

5. Anj Plane Arm.— Draw an axis or base-line, A X, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one more 
in number than the intervals. (For example, in fig. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at b^y 6^, 
&c.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figures. 
pj_ 3^ Rule A. ("Simpson's First Hide" to be used 

when the number of intervals is even.)— Add together 
the two endmost breadths, tioice every second intermediate breadth, 
smd/our times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3 ; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Rule A of the preceding Article); for four intervals, 
1, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

Example.— Length, 120 feet, divided into six intervals of 20 
feet eacL 




XEmUEATIOK. 05 

17-28 1 17-28 

16-40 4 65-60 

14-08 2 28-16 

10-80 4 43-20 

7-04 2 14-08 

3-28 4 13-12 

1 0-00 

Sumy 181-44 
X GommoD interval, 20 feet 

4. 3) 3628^ 
Area required, 1209-6 square feet 

* BcTLE R {"Simpsan^s Second Rtde^^ to be used when the 
nomber of intervals is a multiple of 3.) — Add together the two 
endmost breadths, twice every third intermediate breadth, and 
Gmoe each of the remaining intermediate breadths ; multiply the 
sum by the common interval between the breadths, and by 3; 
divide the product by 8 ; the result will be the area required. 

''Simpson's multipliers" in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

TiiyAifPT.g. — ^Length, 120 feet, divided into six intervals of 20 
feet each. 

Braadtlis in Feet Simpson*! i>~wi».u. 

Mid Decfanala MulflpUera. FTOductc 

17-28 1 17-28 

16-40 3 49-20 

1408 3 42-24 

10-80 2 21-60 

7-04 3 2112 

3-28 3 9-84 

1 0-00 

Sum, 161-28 

X Common interval, 20 feet 

"3225^6 

X 3 

■?• 8 )9676-8 

Area required, 1209-6 square feet 

Rekabks. — ^The preceding examples are taken from a parabolic 
figure of the third degree, for which both Simpson's Rules are 
exact ; and the results of using them agree together precisely. For 
other figures, for which the rules are approximate only, Uie first 

F 
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rnle is in general somewhat more accnrate than the second, and is 
therefore to be used unless there is some special reason for pre- 
ferring the second. 

The probable extent of error in applying Simpson's First Bnle 
to a given figure is, in most cases^ nearly-proportional to the fourth 
power of the length of an interval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub- 
dividing the axis into smaller intervals. 

HuLE C. (" Aferrifield's Trapezoujlal Eule" for calculating sepa- 
rately the areas of Wie parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them oppositd 
the intervals between the breadths. Then take the dififorences 
of those differences, or second differences, and write them oppositd 
the intervals between the first dififerenoes, distinguishing them into 
positive and negative according to the following principles :-— 

First Differencea Second DUferenoei 
Positive increasing, or ) Positive. 

Negative diminishing, J 

Negative increasiug, or ) Negative 

Positive diminishing, J ° 

In the column of secpnd differences there will now be two blanks 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers each formiDg an arithmetical progression with the 
two adjoining second differences, if these are unequal, or equal to 
them, if they are equal. 

Divide each second difference by 12; this gives a correcHony 
which is to be subtracted from the breadth opposite it if the second 
difference is posUive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given psdr of ordinates or breadths; mvUij^y the half 
sfum of Hie corrected breadths by the interval betioeen tlwrn. 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
interval. 

ExAicPLB.— Length, 120 feet, divided into six intervals of 20 feet 
each. 
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TiJmem, 


(feOOBd 

DUteVDOML 


CORMlkMML 


OORMtod 
IkMdtiML 


▲mm or 

DiTicioiii. 










fMi Bq^WtH. 


X7-38 




(— i-9«) 


-f o'i6 


17-44^ 




— 0-88 








339-^ 


i6'40 


3"3t 


— 1-44 


•f 0*12 


i6-S2 


1 306-8 


14-08 




— 0-96 


+ 0-08 


14*16 

• 250-0 
10-84 

178-8 
7-04 

102-8 

3-24 

316 




— 3-28 






io-8o 




— 0-48 


+ 0*04 




_3^6 






7-04 












— 3-7« 






3-28 




+ 0-48 


— 0-04 




— 328 











(+ 0.96) 


— o-o8 


— o-o8 J 





Total area^ square feet, 1209-6 

Hie second differences enclosed in parentheses at the top and 
bottom of the column are those filled in hy making them form an 
arithmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

EuLE D. — (''Common Trapezoidal EuU/* to be used when a 
rough approximation is sufficient) Add together the halves of the 
endmost breadths, and the whole of the intermediate breadths, and 
multiply the sum by the common interval 

EzAXFLB. — ^The same as before. 



Half breadth at one end, 17-28 -r- 2 = 
Intermediate breadths. 

Half breadth at the other end, . 

X Common interval. 
Approximate area, . . • . 
True area as before computed, 

JSrror, 



Feet 

8-64 

f 16-40 

14-08 

10-80 

7-04 

3-28 



60-24 

20 

1204-8 square feet 
1209-6 
— 4-8 square feet. 



6. ctoeler— The area of a circle is equal to its circumference 
multiplied by one-fourth of its diameter, and therefore to the squaire 
of the diameter multiplied by one-fourth of the ratio of the circnm- 



Q» 



fttt c pc gi to tiifi diametsc Tba- nxtin of iflv umm cf m irSwcl^ to the 

>K|iUMm o£ Ub oEametEE ( wMcIl istsa m ffimBriaii 1n"t]ie sjmlxd -jj 

» iiiMaj—wfl » i «r a6 fe/ that i^ not sspsBS&i&FcxjMidjmfigiiies; bat 
it (sa be firand. approzimalaely; to aiLy if a i§jmikial degree of precisioiL 
Its ^alne bas beeaL compiited tn 25IJ pliKcs cf dednuJs; bat the 
ftJIawiiig ajifiruxima ti nnff are cdioHt ennag^ fir mofli parpoaea^ 
Kuntzfic or prsuiticmL: — 



•T853981634 - ^ -honfr^QO^*Wi0,000,000tJi. 

-785398 -h -ome^,000,000th. 

•7854 • ^€iifr400,000tJi. 

^-^3 - ~ ^««^13,000,000th. 

11 

14 "^ 

Tables 4 and /; crniUin examples of the icsohB of sach calca]atioii& 
The iiomdw (ff a ekde equal tn aana to a givm squatre is veiy 
nearl/ 1 '12838 )< ib« Mde of the aqoaze. The foUowing table gives 
examples of tbiit;— 

TAItf^H i V.^Mui/nPLIEBS FOE GoHTEBTnra 



.4>oiie-3,500ih. 





HlduN of NqnArAN Into 
DUntitUirN of 


DimetanorORln 






intoSMesor 






KuuMldimlflii. 


Equal Sqoam 




X 


I'laHjB 


0-88623 


I 


9 


a'Jrt676 


177245 


2 


3 


3';iHr»«4 


2*65868 


3 


4 


4'rtM8a 


3-54491 


4 


5 


B'04i9o 


4-43"3 


5 





677oa8 


5-31736 


6 


7 


789866 


620359 


7 


B 


9*00704 


7-08981 


8 


9 


1015544 


797604 


9 


to 


tr 128380 


8*86227 


10 






7. The ai>ea of a ciMiiiMr iN^mr (0 A C B, fig. 4) is the same 
(Wiction of the whole circle that the 
(At^gle A O B of the sector is of a whole 
n^vx>lutioii« la other words, moltiply 
ka^'^ m^iunt <^l4e radius^ or oM-eiglA 
^f «J^ ^ft^it ^ tk$ diameter, hj the 
c^w^iUt DM«K$«f« (to radios unity) of the 
«iy^ A O B; Ike jprodact will be the 
9WDW, of Hie seolior, (FV)r «iM«kir kmmnms <i w^gMi <>» Tables 
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8. A Civcidnr Bmtfmtm (A D B C, fig. 4) is equal to the sector 
A C B less the triangle OAR Hence, from the circular 
measure of the angle A O B subtract its sine; multiply the re- 
mainder by half the square of the radius; the product will be the 
area oi the segment 

9. Civcidnr Sp«i«ril«. Case L — Spandril ACE, bounded bj 
the arc A C, the tangent C £, and the external secant A E. From 
the tangent of the augle A O C subtract the circidar measure of 
that angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Case IL--Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the augle ; multiply the remainder 
bj half the square of the radius; the product will be the area. 

10. EiUpM. Case L — Given (in fig. 5), the two axes, A O a, 
B 6. Multiply the lengths of those axes together, and their pro- 

dactby t * (See Article 6 of this section. ) 

Case II. — Given, a pair of conjugate 
diametei-s, C O c, D O d (that is, a 
pair of diameters each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 
dicular to the other diameter, C c; multiply Cc by twice D E, 

and the product by t; or otherwise— multiply together the given 

conjugate diameters, and their product by the sine of the angle 

between them, and by -. 

11. snipUc 8«ct«n and SegmeHto.— In fig. 6, let O A, O B, be 

the greater and lesser semi-axes of an ellipse, 
A C D B a quadrant of that ellipse, C O D an 
elliptic sector, and C D an elliptic segment. 
About O with the radius O A describe the 
circular quadrant Acdb; through C and D 
draw C c and D d parallel to O B, cutting the 
circle in c and d. Join Oc,Od,ed. Then 
as OA 
:isto OB 




Fig. 6. 



isoisthecircuLir/^^^^^ ^ 
I or s^rment c d 




: to the elliptic 



\ sector O C D 
( or segment D. 



Fi& 6. 
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18. Mf piw u i ; fcct«r^Infig7,letthegfaMglitl!iwBOX,OY, 
be the otifrnfMeB of a hyperbola; A and B two pcnnts in that 

bypoboUs and O A B a AsporMv 

BmioTj -whoBd area is reqoned. A 

Gfaaiacteiistic property of the bj^ 

perbola is the following: tbii if 

mm any point in it^ aacb as A or 

By there be drawn 8tni|^ liiifli 

parallel to the asymptotee^ so n 

to endoee a paiallelqgrain, mA » 

O C A£ or O D B F, iiie arces of 

all sach parallelograms shall be 

n^. 7. equal for a given hyperbola. Let 

the common area of them all ibr the 

mven hyperbola be called the moekdus; then the area of the saotor 

A O B is equal to the modolus multiplied by the hyperbolio log- 

A O B F 
arithm of the ratio :^^ = -r-^ (For hyperbolic logarithms^ see 

Tables 3 and 3 a.) The areas ACDBandAEFB areeadiof 

them equal to the sector A O B. 

13. wuanmmmie Carre (see fig. 8). Case I. Sinnfe Hmrwumc 

Curve. — Let A B be the base and O C the height of a haxmomic 

cnrve, O being tiie 
middle of the ba8& 
TheordmateXY.at 
any point, X, in the 
base, is equal to 
G multiplied by the 
cosine of an angle 

bearing the same proportion to two right-angles that O X beus to 

A a Thon the area A C B is equal toABxOCx- The 

2 

apim>xiinati> \*a1uo of -, correct to about one-2,000,000th9 is <6366S. 

Oask 1 1. Jhuhie HaimiwmG Curve, or Curve of Versed Srnrn,-- 
lit^t iho harmonio curve be continued to D and E as £ur below A B 
M O ia a\H>vo that hue; tlie arcs A D and B £ being similar to 
A aiul \\ 0, but inverted ; so that the new base D E is twice the 
It^UUUi t^ A \\ and is a tangent to the curve at D and E; and the 
%wm htOtfht V ia twice O 0. Then the area D C £ = D £ x 




»iKj 



U. T wif l ie W > ar llallti« Wtevlfcig (see fig. 9). — ^Let a circular 
dUs III \\\\\ aloug a straight Iin«» B F; then a tracing point fixed 
iu Uit» lHvUii\s \i\m tmoM a troohoM, of which A C B is one wave^ 
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extending from one of the lowest positions of the tncing-point to 
the next Let ihe base of the figure to be measured be the straight 
line, A By touching^ ^—-^^^ 



trochoid at A and £; 

then the length of that 

base is equal to the 

ciroumference of the 

idling drole, H; and 

the eztrome breadth of 

the figure, C D, is twice the tracing radiusy or distance of the 

taemg-point from the centre oi the rolling ciide. 

To fiind the area, A C B; multiply the base, A B, by the tracing 
ndius, 4 C Dy and to the product add the area of the circle 
dflieribed an O D as a diameter. 

15. drtfry, or Chain-car?e. — Bee Section lY., further on. 



Fig. 9. 



SKmoir IL — Ctlhidbical, Cohical, and Spherical Areas. 

1. CjUm^tir, The curved surface of a cylinder is measured by 
multiplying its circumference by its length. 

%, €i—e. The curved surfiEU» of a right cone is greater than 
the area of its circular base, in the same proportion in which the 
aknting side oi the cone is longer than the radius of its base. 

3. gpfc—e. The surface of a sphere is equal to the curved surface 
<tf the dreumscribed cylinder — that is, to the diameter of the sphere 
multiplied by its droumference, or to four times the area of a great 
circle of the sphere. 

4 ■phgriaai g— — mmn gagM—iB The area of a zone or belt, 
or of a s^ment of a sphere, is equal to that of a zone of equal 
height on the curved surfi&ce of the cireumscribed cylinder. In 
other words, multiply the height of the zone or segment by the 
drcumference of a great circle of the sphere. 

Thus, in fig 10, B A C is a hemisphere; B D E C, a cireum- 
iKxibed cylinder; O A, the axis of 
that <^linder; F K, a plane per- 
pendicular to that axis, cutting 
xt in H, and cutting the sphere 
in the smaU drole I J. Then 
I A J is a s^ment of the sphere ; 
and! its area is equal to that of 
the cylindrical belt P D E K, or 
to the circumference of the sphere 
X A H; and B IJ C is a zone 
or belt of the sphere, whose area 
is equal to that of the cylindrical belt B F K C^ or to the cir- 
cumference of the sphere x H O. 




Fig. 10. 
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5. Spherical Triangle.— As a complete revolution (or four right* 
angles) 

: is to the spherical excess (see Trigonometrical Itules^ 
Division Y.), 
: : so is the surface of the hemisphere 
: to the area of the triangle. 

Section III. — Yoltjmes. 

1. Anj Prinn or Cjlinder with Plane ParaUel Bnda* KULE A. — 
Measure the sectional area of the prism or cylinder upon a plane 
jDerpendicular to its axis; multiply that area by the length; the 
product will be the volume. 

Rule B. — ^Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Rectangular Prism, with Plane S:nd0 not ParalieL — Measure 

the sectional area on a plane perpendicular to the axis; mxdtiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Triangular Prism, with Plane Suds not Parallel* — Measure 

the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edges. 

4. Rectangular Prism with Curved Knds {" WooHey's Elde*^). — ^Add 

together the lengths along the middles of the four faces of the 
prism, and twice the length along the axis, and divide the sum by 
six, for the mean length; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved surfaces. 

5. Anj Solid. METHOD I. By Layers, — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or C, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Rule C is used, the volume will be obtained 
in separate layers. 

This paethod is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that con£tion are 
specified further on. For other figures the method is approximate 
only. 
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Method TL By Prisms or Columns {** WooUey's EuU'*), — Assume 
a plane in a convenient position as a base, divide it into a network 
of equal rectangular divisions, and conceive the solid to be built of 
a set of rectangular prismatic columns, having these rectangular 
divisions for their sectional areas. Measure the thickness of the 
solid at the centre and at the middle of each of th/e sides of each of 
those rectangular columns; calculate the volume of each column 
by the rule of Section III., Article 4, and take the sum of those 
volumes. 

Or otherwise, to calculate the volume of the solid at one 
operation — ^add together the doubles of all the thicknesses before- 
mentioned, which are in the interior of the solid, and the simple 
thicknesses which are at its boundaries; divide the sum by nx, and 
multiply by the area of one rectangular division of the base. 

6. c;«iM ^r PyraMM.— Multiply the area of the base by one-third 
of the height, measured perpendicularly to the plane of the 
base. 

7. Sphere and KUipMid. KuLE A. — Multiply the area of a 
diamelaial section (found by Section I., Article 6, for a circle, or by 
Section L, Article 10, for an ellipse) by two-thirds of the height 
measured perpendicularly to the plane of that section. 

BuLE B. — Multiply together the three axes of an ellipsoid (or 
take the cube of the diameter of a sphere); then multiply by the 

&ctor g. 

Annroxixnate Values of -. Errors, about 

0-5235987756 - + one-300,000,000,000th. 

0-523599 - + one-2,300,000th. 

0-5236- +one-400,000th. 

^^5- +one.l3,000,000th. 

O X ilo 

m- +one-40,000th. 

sj- +one-2,500th. 

8. Frastam — Primoid — Spherical and Ellipsoidal 8egmeal« anci 

Zotms. — ^The following rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig. 11); 

A prismoid, or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, fig. 12) and four plane faces, parallel or not 
(C F L H, H L K I, I K E D, D E F C); 

A s^ment cut off by one plane, or a zone cut out by a pair of 
parallel planes, from a sphere or an ellipsoid (fig. 13) ; 
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Aad grcBenlhr, to ur solid bouded endwiM bj a pair of panllel 
ud BidCTrayg by > copied, iphaaal, or dlipMi^^ 
Bvmber «f pliiifli. 




FifrlL 



Fig. IS. 

To tbe areas of the ends add four times the area of a crmb 

section made by a plane midway between and parallel to the 

..^....^ ends; divide the sum hj'six for the mam 

section, which multiply by the length AX 

measured perpendicular to the planes of the 

ends. 

9. Spherical Co«e (0 I A J, fig. 10).— 
Find by Section II., Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 




rig. la. 



Skction IV. — Lengths op Curves, 



Tho lueasui^ment of the lengths of curves is called reet^lcation. 
I. Amy CMtT*. RuJLE A. Bj^ Chords.— Let A B (fig. 14) be 
tho oui'v^ liut) whose length is t^ be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (such 
as 1, 2, 3), measure the series of 
straight chords (sudh as A 1, 1 2, 
2 3, 3l^ which iqpan those in- 
tervals^ and take the sum of 
Ihetr lengths; measuze alao the 
straight chords (such as A9, 2B) 
which span tiie interralihTpain, 
nuU tokv (h^ nMOk gif theiv leiigths; to ^ fizsl sum add c m Mr d 
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«f the diifei 'mee Let w e aa it wad tibe aeoond sam; the result will be 
the approcdiiiate length of the curve. 

BuLE R By Chords and TcmgmUa, — ^Divide the curve into 
any number of intervals, equal or unequal, bj points (such as 2 in 
fig. 14). At the ends and points of division chaw straight tangents 
(such as A Tp Tj T3, T. B), stopping at their first intersections with 
eadi other. Measure the total length of those tangents, and also 
the total length of the straight chords (such as A2, JB). To tho 
total length of the tangents add tuaice the total length of the chords, 
and divide the sum hj 8; the quotient will be the approximate 
length required. 

Bulb C. By Tcmgemta, — Let A B (fig. 15) be the curved line 
to be measured, librough its two ends, A and B, draw a pair of 
parallel lines in any convenient direction (but the more nearly that 
direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
fines into an even number of 
tfMl intervals, by means of 
intennediate paialM lines, 
cutting the curve in inter- 
mediate points, such as 1, 
% Z, At each of tbtee in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 
lines to the other (as A T^, 

k Ti, h T2, h Ts, h B). 

Hultijdy the lengths of 

those tangents in their order 

by "Simpson's Multipliers" 

(as in Section I., Article 5, Bule A); add together the praducts, 

and divide their sum by the sum of the multipliers; the quotient 

will be the approximate length required. 

Behabk.— The errors of the three preceding rules vary nearly as 
the fourth power of the cmgvla/r interval, or angle made by the 
tangents at the two ends of an interval; hence the Ungtiks of the 
intervals should be made least where the curvature is most rapid, so 
that the angular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circular arcs 
with angular intervals of 30^; + meaning too great^ and - too 
small:—* 




Pig. 15. 
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Rule A, Bror aboiit - one-6,500th. 

„ B, „ + oiie-4,000th. 

„ C, „ + one-250dL 

"With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

Rule D. Far Ara of Small Curoaiwrt.^Jji fig. 16, let A B be 

the arc to be measured. Draw the straight 

chord B A; produce it to C, making A C 

= i B A; about C, with the radius B 

= f BA, dvsLw a circle; then draw tiie 

p. .g^ straight line A D, touching the arc A B 

^' in A, and meeting the last mentioned 

circle in D; AD will be nearly equal to the arc A R 

For a circular arc of 30® the error of this rule is about + one- 
14,400th; and it varies nearly as the fourth power of the angukr 
interval 

BuLE E. From a given Pointy to set off a given Length along « 
Curved Line. — In fig. 16a, let A D be part of 
the given curve; A the given point, and A B a 
stmight line of the given length, drawn so as to 
touch the curve at A. In A B take A C = i 
A B ; and about C, with the radius B = f A B^ 
draw a ciraular arc B D, meeting the given curve 
in D. The arc A D will be very nearly equal to A B. 

BuLE F. To reduce a ^* Rolled Curve" to an equal Circular 

Arc— Let D E be a base 
line of any figure, upon 
which a disc of any figure 
rolls; a point, B, in that 
disc traces a ^rolled 
curve," F B H. The 
rolling radius at any 
instant is the distance^ 
B A, from the tracing- 
point, B, to the point of 
w»«taot, A, of the disc and base line, and is everywhere peipen- 
(liottlar to tho rolUnl curve. 

I >i vido i\w whole angle through which the disc turns in describing 
tho glvou iMirvt* by rolling, into an even number of angular inter- 
vuUi w»rw»»*|H>nding to an odd number of intermediate positions 
uf tho dims mtHMura the rolling radii corresponding to those 
lut«n*UMHilHt4) IKMitiims, and to the endmost pofidtiona Multiply 
lh« HM'ltw lAf ivUiug radii by the multipliers in Simpson's first rale 




Fig. 16a. 




Fig. 17. 
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(Section L, Article 5, Role A) ; add together the products ; divide 
their sum by the sum of the multipliers; the quotient will be the 
mean rolling rcuiius. Then with the mean rolling radius describe 
a circular arc subtending an angle equal to the total angle through 
▼hich the disc turns in rolling; that arc will be nearly equal in 
kngth to the given rolled curve. 

Instances of the application of this to particular cases will bo 
given in Article 3 of this Section, Kule C, and in Articles 4 and 5. 

S. Circle.— The incommensurable ratio of the circumference of a 
circle to its diameter is denoted by x. The following are approxi- 
mations to its value, of various degrees of accuracy : — 

Apprazlamte Valne of «l Error, about 

3-1415926536 - + one-300,000,000,000th. 

3-141593- +one-9,000,000th. 

3-1416- +one-400,000th. 

j~- +one-13,000,000th. 

377 

j^- +one-40,000th. 

^m-o + -one-13,000th, 

114*0 

22 

y- +one-2,500th. 

For the approximate value of v to 250 places of decimals, see 
Bierens de Haan on D^mite Integrals. 

For particular results, see Table 5. 

3. A Clrcwhur Arc may be measured by any of the preceding 
general rules, especially Bule D, page 76; also by the following 
ipedal rules: — 

Bu£B A. By CcUeuhiion. — Multiply 2 » by the ratio which the 
arc bears to a whole circle; the product will be the ratio which the 
arc bears to its radius. 

Rule B. By Congtructum. — ^In fig. 18, let C be the centre of the 
circle, and A £ the arc to be measured. 
insect the arc A B in D, and the arc A D 
in R Draw the straight tangent A F, and 
the straight secant C £ F, cutting each other 
m F. Draw the straight line F B. Then 
A F + F B will be approximately equal in 
length to the arc A B. 

The error of this rule for a circular arc 
equal in length to its radius is about 
+ one-4,000th part of the length of the arc; ^«- ^^ 
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and it varies nearly as the fourth power of the angle sabtended hj 
the arc. 

Rtjlb 0. From a given PoirU on a gvoea Circle to lay off em Are 

approodmcUdy egwd vti length to a given, Straight Line, — ^In fig. 19, 

let A be the given pointy and A D part of the 

given circle. At A draw the straight tangent 

A B of the given length. In A B take A C 

= 4A B; and about C^ with the radins C B = | 

A B, diaw the circular arc B D, cutting tiie 

given circle in D. Then the arc A D wHl be 

nearly equal in length to A B. 

The error of this rule for an arc equal in length to its radius is 

about + one-l,000th part of the length of the arc; and it varies 

nearly as the fourth power of the angle subtended by the arc. 

EuLE D. To Consimct a Cvrcula/r Arc neoMrly equai in length to a 
given Straight Line, cmd svbtendvng a given Angle, — ^In fig. 19, let 
A B be the given straight line. In A B, take A = J A B; and 
about C, with the radius C B = t A By draw a circle B D. Erom 
A draw the straight line A D, making the angle B A D = one- 
half of the given angle, and cutting the circle B D in D. A and 
D will be the two ends of the required ara Then, by the usual 
method, draw the circular arc AD so as to touch A B in A, and 
pass through the point D; this will be the arc required. The error 
of this rule is the same with that of the preceding rule. 
4. £Uiptic Arc.— To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes OA 
and O B are given. 

In ^g, 21 draw a strai^t 
line, in which take E F = O B 
and F G = O A Bisect it in 
H; and about that point, with 
the radius H F = H K = 

O A - O B , ., . , 
5 , describe a dida 

Mark the points c and d in 
that circle, by laying off E e s 
OCandEd:= OD. 

Then divide the arc c^ into 
an even number of equal intervals, as the case may be, and measore 
the distances from the ends of the arc and the points of division 
to G j these will be rolling radii of the ellipse, as generated hy 
rolling a circle of the radius E H inside a circle of the radius 
E G, the tracing-point being at the distance H P from the centre 
of the rolling circle; multiply those rolling radii in their order by 




Fig. 20. 
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SimpBcm's iiiiilti{dieai (SecUon L, Aitide 5, Rule A); divide the 
nm of the piodiictB by the sum of the multipliers; the quotient 
win be the nuUiu of the required eireular are. 




Hg. SI. 

Then in fig. 20 describe a circle about O with the radius O A; 
through C and D draw straight lines parallel to O B, cutting that 
ebde in F and A; join O F, O A; and about the centre, O, with 
tte mean rolling radius already found, describe the circular arc 
M N, bounded by the straight lines O F, O A ; this will be the 
required cvrcfukvr arc approxvmatdy equal to the dliptie are C D. 

The circular arc may then be measured by the rules of Article 3 
ef tins Section. 

The following are examples of the errors of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of the number of intervals, or nearly so : — 

True 



Approxliiuite 



T&v^triMt, Length from ^^KSSa Erron. 



I -7071 7071 1350^ 1*3538 '0032 
I '8000 -6000 1*4184 1*4195 '00 1 1 

I '8660 '5000 1*4675 1*4681 *ooo6 

5. Cmumm Panboia.— In fig. 16 (page 76) let A be the vertex 
of a common parabola, and A B an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Rule D of Article 1 of this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fall the per- 
pendicular B 0, and measure the lengths of those linea Call A O 
the base, and B the height. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the slopmg 
tangent 

Divide the square of the base by four times the height Call this 
the focal distance^ 



JJO) WMKJWaM, 



it 
■re. 



nenfy ms the fiiiirik pcmer dT the uig^ aobteiided 




Ujlb C. lVtM» a given PaiaU on m givm CuroU to la^ pff^n^ i 

nmiiwuftiTy egwd m ^o^ii^ lo a gUmn Strai^ Line, — ^In fig. '. 

let A be tbe given pointy and A D pert of i 

given ciide. At A dimw the stnight tangf 

A B dT the given length. In A B teke A 

=r4AB; and about G, with thergdifUiOBs 

A D, diaw the ciicakr are B D, catting i 

w iQ given drde in D. Then the are A D irSl 

^' ' nearij equal in length to A B. 

The error of this rule for an arc equal in length to its radiiu 

abont + one-l,000th part of the length of the are; and it var 

nearly as the fourth power of the angle snbt^ided by the are. 

Rule D. To Conetruei a Circular Arc nearly equal m length k 

given Straight Line, and subtending a gioen Angle, — ^In fig. 19, 

A B be the given straight line. In A B, take A =zi A B; a 

abont C, wi& the radius C B = | A B, draw a circle B D. Yti 

A draw the straight line A D, making the angle B A D s= oi 

half of the given angle, and catting the circle B D in D. A a 

D will be the two ends of the required arc. Then, by the un 

method, draw the circular arc A D so as to touch A B in A, a 

pass through the point D; this will be the arc required, llie er 

of this rule is the same with that of the preceding rule. 

4w Elliptie Are«— To construct a circular arc approximately eq 

to a given arc, C D, ^. 20, 

exceeding a quadrant of 

ellipse whose semi-axes ' 

and O B are given. 

In ^g. 21 draw a str 

line, in which take £ F - 

and F G = O A Bisect 

H; and about that point 

the radius H F = H 

OA-OB ^ ., 
5 , descnbe a 




Fig. 20. 



Mark the points c ^ 
that circle, by laying 
OCandEd:=OD- 
Then divide the ^ 



an even number of equal intf> jgk as the case may be, 
the distances from the ends Vfltare and the points 
to G; these will be rollir He eUipsef aa B 

rolling a circle of the rs" " ' " 



E G, the tracing-point h 
of the rolling circle; nr 



ide a dreJ^ 



LENGTHS OF CUHTED UXC3. 



r> 



Simpaon's multiplien (Section I., Article 5, Rale A>; oir^ie «£■* 
som of the products by the sum of the moluplMn j the ^wshas 
^^fll be <^ radius of the required eireular arc 




Tiff. 2L 

Then in fig. 20 describe a dnrle about O with the nuiius O A ; 
wwmgh C and D draw straight lines parallel to O B, cutting that 
^e in r and A; join O F, O A : and about the centre, O, with 
ws mean rolling radius already found, describe the circular arc 
M N, bounded by the straight 'lines O T, O A ; this will be <W 
^^^T^ired circular arc appwrimaiefy equal to ilte eUiplie arc C D. 

The circular arc may then be measured bv the rules of Artiela 3 
«f tins Section. 

^e following are examples of the errors of this rule, when 
applied to an entire elliptic quadrant di\-ided into two 
te^ /"^ greater numbers of intervals, the errors fmrj i-.,™ 
» tlie fourth power of the number of intervals, or nearly w:^ 

"Length trcm 

Lefrendre'B 

Tablet. 

1-3506 

1*4^75 
of a ^^T"^ **»»*i«^In ^g. 16 (page 76) kt A he Oe vertex 

igh approximation, use Rule D of ArCids 1 of this fv— 
pnrpoaes of precision, proceed as ftOowi:^ 

5^™~^ ^ and measure the lengths c€ thi» Bm Call A C 
. %5^^ ^^e height. 

^^V^of the height add one-fooith sf «» Mpiare of tfce 
** the square root of the sua. Gdl this the s^op*^ 



5. 



7071 
•60C0 
•5000 



Le&r-ik 
bjBaliL 

i-353« 
1-4195 
I-46C(I 



■0033 

xoii 

DOQD 



in* 



^fonrlnMifcieight. C-il'*' 
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To the sloping tangent add the height ; divide the sum by half 
the base; take the hyperbolic logarithoi of the quotient. Midtiply 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum vill be the 
required arc.* 

6. Caienaxy— In fig. 22 the horizontal straight line through is 
the directrix of the catenary; the 
vertical line O A is its pa/rameter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X B a ver- 
tical ordinate from the directrix to 
the point B; O X the correspondr 
ing dbcisaa, or horizontal distance 
from O. 

Rule A.— Given, O A and X B; to find the arc A B. 
By construction: — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc AB. (T B is a tangent to the curve at B.) 
By calculation :— A B = ^/ (X B2 - O A2). 
Rule B.— The area 0ABX=0AxarcAB=:2x tnande 
XTB. ^^ 

Rule C— Given, O A and O X, to find X B and A B. 
Divide O X by O A; find the hyperbolic antilogarithm of the 
quotient (see Table 3), and the reciprocal of that antilogarithm. 

For the ordinate X B, multiply O A by the half-sum of the 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-difference of the 
same quantities, t 

Addendum to Section I. 

A Platometer or Pianimeter is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦ In symbols, let A C = a;, C B = y, and the arc AB = «. Then 

/f . «S ^' . y + A/fy' + T) 

• =Y^(y«+4J+4^-hyp.log. V_V / 

2 
t In symbols, let A = m; X = a; X B = y; arc A B = »; then 

^ " 2 (^6* + e""-j; 8 = Vy-* - m» " f \e^ -f^p 
x — m- hyp. log. ^ "*" ^ 
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boundary of the figure to be measured; and when that point ha8 
returned to the spot from which it started, the area enclosed by 
the boundary is indicated on one or more graduated drclea. The 
amplest instrument of this kind is Amstlerk 



Addendum to Section IV. 

•r €mrw9m hf «■ iwungmm^mu—An instrument for 
rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it At one end of the 
spindle is a shoulder, to limit the motion of the wheel in that 
direction. 

The wheel being made to bear against the shoulder, is placed 
with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to run along the curve in siich a dii-cction 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifbed, and set down 
at a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
firom which it started, its point of contact with the straight line is 
marked; and thus is obtained a straight line equal in length to the 
given curve. 

Section V. — Centres of Magnitudb. 

By the nMgniiude of a figure is to be understood its length, area, 
or volume, according as it is a line, a surface, or a solid. 

The Centre ofMoffniiude of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from that plane.* 

1. Srnimeirical Figare.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figui*e is in that 
plane ; if the figure is symmetrically divided in the like manner 
by two planes, the centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
three planes, the centre of magnitude is their point of intersection ; 
and if a figure has a centre of figure (for example, a circle, a sphere, 

* The centre of magnitude of an xmiformly heavy body is the same with 
its centre of gravity; of which point mention will again be made farther on. 

The geometrical moment of any fignre relatively to a given plane is the 
prodactH>f its magnitude into tiie perpendicular distance of its centre firom 
that plane. 

^ G 
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an ellipse, an ellipsoid, a parallelogram, &c), that point is its centn 
of magBitode. 

2. CiMpi«»i Fif II To find the perpendicniar distance from a 
given plane of the centre of a oomponnd figure made np of parts 
whoee centres are known. Multiply the magnitude of each part 
by the perpendicular distance of its centre from the given plane; 
distinguish the products (or moments) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sams, and 
call it positive or negsttive according as the positive or ne^^ve 
sum is the greater; this is the restdtant moment of the compound 
figure relatively to the given plane; and its being positive or negi^ 
tive shows at which side of the plane the required centre liea 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. 

The centre of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centce 
of a plane figure, its distances from two planes perpendicniar to the 
plane of the figure are sufficient 

3. CompoMBd Figure of Two Parts.— Let a compound figure, M 

in fig. 23, consist of two parts, and 
let their separate centres, A and B^ 
be known. Draw and measure the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other part; 
and C will lie in the straigfat fine 
AB. 
Fig. 23. [In symbols, let A and B denote 

the magnitudes of the parts, and A + B that of the whole figure; 

then 




BAB ,.p A'AB 

"XTb^^^'XTb 



ac = ^^^;bc 



] 



4. CoMFomd Figure formed by 8«btractioii.— From the larger 
figure in fig. 24, whose known centre is A, let a part whose known 
centre is B be taken away. Draw and measure the straight line 
B A The centre, C, of the remaining figure wiU lie in B A, pro- 
duced beyond A To find the distance A C, multiply B A by the 
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tttgnitode of the part tftken away, and divide by the magnitade of 
the lemaining figara 

[In flymb<38y let A be the maffnitude of the original figure, 
B that of the part taken away, and A - B that of the remaining 
iguia Then 



5. WIgmm €teB0«dl hj SkMHas • Vtei^In fig. 25 let O be the 
orij^mal position of the centre of a figure; let the figure be changed 




Hg. H. Fig. 26. 

in shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifting part of it; and let A be the original 
position, and B tiie new position of the centre of the part shifted 
Draw and measure the straight line A R Through C draw C D 
parallel to and pointing in the same direction with A B; and 
make 

p P^ _^ A B X magnitude of part shifted ^ 
"" magnitude of whole figure ' 

D will be Hie new position of the centre of the figure. 

fi, JkMf wumB Atwk—To find, approximately, the centre of any 
plane area. 

IUtub a. — Let the plane area be that represented in ^g, 3 (of 
Section L, Article 5, preceding). Draw an axis, AX, in a con- 
venient position, divide it into equal intervals, measure breadths at 
the ends and at the points of division, and calculate the area, as 
in Section I., Article 5, 

Then multiply each breadth by its distance from one end of the 
axis (as A); consider the products as if they were the breadths of 
a new figiure, and proceed by the rules of Section I., Article 5, to 
calculate the area of that new figure. The result of the operation 
will be the moment of the original figure relatively to a plane per- 
pendicular to A X at the point A. 
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Divide the moment by the (xrea of the original figure; the quotient 
will be the distance of the centre required from the plane perpen- 
dicular to A X at A. 

Draw a second axis intersecting A X (the most convenient 
position being in general perpendicular to A X), and by a simikr 
process find the distance of the centre from a plane perpendicular 
to the second axis at one of its ends; the centre will then be 
completely determined. 

Bulb B. — If convenient, the distance of the required centre 
from a plane cutting an axis at one of the intermediate points of 
division, instead of at one of its ends, may be computed as follows: — 
Take separately the moments of the two parts into which tiiat 
plane divides the figure; the required centre will lie in the part 
which has the greater moment. Subtract the less moment mnoi 
the greater; the remainder will be the resuUarU Tnommt of the 
whole figure, which being divided by the whole area, the quotient 
will be the distance of the required centre from the plane of 
division. 

Remark. — ^When the resultant moment is = 0^ the centre is in 
the plane of division. 

Rule C. — To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
^'Simpson's Multiplier" (Section L, Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and tlie sum of 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum 
from the greater, and multiply the remainder by \ of the common 
interval if Simpson's first rule is used, or by f of the common 
interval if Simpson's second rule is used; the product will be 
the rt8^ukard momerU relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that axis.* 

7. Any Solid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Rule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The rules of this Article are expressed in symbols as follows : — ^Let x and 
y be the perpendicular distances of any point in the plane area from two 
planes perpendicular to the area and to each other, and a^ and ^o ^he per- 
pendicular distances of the centre of magnitude of the area from the i 
planes; then 

(A)x,=.^^, (B)yo=. /^yf;fy 

J/dxdy Jjdxdy 
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centre, 



miiwnal areoB for hnadths; then divide the moment by the volume 
(as fonnd by Section III.> Article 5); the quotient will be the 
lequired distanca 

To determine the centre completely, find its distances from three 
planes, no two of which are parallel. In general it is best that 
those planes should be perpendicular to each other. 

8. Amr Cnrrvd Um. Bule A. To find approximotdy the 
Cadre of Magnkude of a very 
Fla Curved Line.— In lig. 26 let 
A D B be the arc I>raw the 
diord A B, which bisect in C; 
draw D (the deflection) perpen- 
dicular to A B; make D E = ^ C D; 
nearly. 

For an arc of a cycloid, with the chord A B parallel to the base- 
line, this rule is exact. For a flat circular arc subtending a degrees, 
I) E is too small by the fraction ^TnmnF ^^ ^^^ length, nearly. 
Bulb B — When the Ctirved Line is not very fiat, divide it into 

very flat arcs; find their several centres of magnitude by Bule A, 

and measure their lengths by one of the rules of Section IV., 

Article 1; then treat the whole curve as a compound figure, 

agreeably to the rules of Article 2 of this Section. 
9. Bpcctei Figurcik L Tbianqle (fig. 27). — From any two of 

the angles draw straight lines to the middle 

points of the opposite sides; these lines will 

cut each other in the centre required; — or 

otherwise, — ^firom any one of the angles draw 

a straight line to the middle of the opposite 

side, and cut off one-third part from that line, 

commencing at the side. 
IL Quadrilateral (fig. 28). — Draw the two diagonals A C and 

B D, catting each other in K If the 
, quadrilateral is a parallelogram, E will 

divide each diagonal into two equal parts, 

and will itself be the centre. If not, one 

or both of the diagonals will be divided 

into unequal parts by the point E. Let 

B D be a diagonal that is unequally 

divided. From D lay off D F in that 

diagonal = B K Then the centre of 

the triangle F A C, found as in the 

preceding rule, will be the centre required. 

JUL Plane Polygon. — Divide it into triangles; find their 

centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rules of Article 2 of 

this Section. 




Fig. 27. 
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TV. Tbjsm, or Cyukdeb with Flans Parallel Ehims.— -Knd 
the centres of the ends; a straight line joining them will be the 
axis of the prism or cylinder, and the middle point of tliat line will 
be the centre required. 
y. Tetrahedron, or Triangular Pyramid (fig. 29). — Bisect 
^ any two opposite ediges, as A D and 

y^s^^^ B C, in E and F; join B F, and 

/ \^^*^^ bisect it in G; this point will be the 
/ \y^\ centre required. 
«A y\. \ ^^* ^^^'^ Pyramid or Coni 

/ '^^%'\:-\^ ^™H ^ Plane Base. — Find the 
/ y^ \ I centre of the base, from wiiich draw 

//^ \ I a straight line to the summit; this 

j\^ \| will be the axis of the pyramid or 

^ cone. From the axis oat off one- 
Fig* ^d* fourth of its length, beginning at 
the base; this will give the centre required. 

VII. Any Polyhedron or Plane-faced Solid. — ^Divide it 
into pyramids; find their centres and measure their volumes; Uien 
treat the whole solid as a compound figure, by the roles of Article 
2 of this Section. 

VIII. Truncated Pyramid or Cone. — ^Find the respeetife 
volumes and centres of magnitude of the entire pyramid or cone, 
and of the part cut off; then find the centre of the remainipg part 
by the rule of Article 4 of this Section. 

IX. Circular Arc. — In fag, 30 let A B be the arc, and C the 

centre of the circle of which it is part 
^^^L,^,^ Bisect the arc in D, and join C D and ABL 

/<rr rT?!^N Multiply the radius C D by the diord A B> - 

•^V* I^"*"/^ and divide by the length of the arc A D B; 

\ T / lay off the quotient C E upon C D; B 

\. / will be the centre of magnitude of tiia 

\l/ arc. 

p. ^g^ X. Circular Sector, C A D B, fig. 30.— 

*^' * Find C E as in the preceding rule, and 

make C F = | C E; F will be the centre required. 

XI. Sector op a Plane Circular Bino. — In %%. 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, ra 
the arc D E, found by Bule IX. of this Article, will be the oentre 
required. 

XII. Circular Segment, A D B, ^g, 30. — Find the respective 
centres of magnitude of the sector C A D B, and the triangle 
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CiAB, wliich, being tdcen from the sector, leayes the segment; 
An, by the role of Aitiole 2 of this Section, find the oentro of 
BHIBitiide of the segment 





Fig. 82. 

XTTT. Pababouc Hau^Segicisnt. — In fig 32 O A B represents 
s half-fi^^ent of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — ^that 
is, parallel to a tangent at O. Make O D = f O A, and draw 
J> G parallel to A B and = | A B; C will be the centre of magni- 
tude of the half -figment. 

10. Cmlffiii W^mmiL hf PandM Pp^i«etiMk— Bj a poroUd pro- 
JKtion of a plane figure, or of a solid, is meant a figure resembling 
the original figure, but transformed by having its dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the limitation — that to eoery set ofparaUd straight lineg, 
leafing given propartione to each other in tlie original Jigure, there 
ihaU correspond a »et of parallel straight lines in the new figure, 
tearing the scvme proportions to ecuih other. For example, — all 
triangles are paiallel projections of each other; so are all triangular 
pyramids; so are all circles and ellipses ; so are all spheres, spheroids, 
and ellipsoids; so are all circular and elliptic cylinders; so are 
aU oonea 

Bmus. — The centre of magnitude of a pla/ne or solid figure, whidv 
is derived by parallel projection from another figtsre, is the parallel 
prmeetian qfihe centre of magnitude of the original figure, 

ftwMAWK. — ^It is to be observed that this rule applies neither to 
cnrred lines nor to curved surfiEu^es, but only to plane areas and 
to solid& 

'EzAMPUL— Elliptic Sector, OCJy, ^g, 33. Let O be the centre 
of the whole ellipse; A O A its greater, and BOB' its lesser axis. 
About O, with the radius O A, describe a circle, A B A R This 
win be a parallel projection of the ellipse.* Through C and D' 
draw E C C and F D' D j)arallel to O B, cutting the cirde in 

* Because every ordinate of the ellipse, such as X T', rarallel to O B', 
bean a oouitaiit proportion to the corresponding ordinate X Y of the cirole- 
viz^ihatofOFxOB. 
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C and D; join O C, O D; the circular sector O C D will be a 
parallel projection of the given elliptic sector. Find, by Rule X 

of Article 9, the centre of magni- 
tude, G, of the circular sector; and 
through it draw G H parallel to 
B O. Then 

O B : O B' : : H G : H G'; 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. Tolnme Swept by m BE^irfaig 

Plane. — Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the 
direction of that path; the volume 
of the space swept through by the plane figure is the product of the 
area of that figure into the length of the path of its centra 

If any part of the plane figure moves backwa/rdsy the volume 
swept by that part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept hj 
the whole figure. 




Fig. 83. 



Addendum. 
Table 7. — Regular Polygons. 



No. 
of 



Name, 



Side = ] 



Semi- 
diamctcr. 



Aks. 



Senu-diaiaetcf = x. 



SidcL 



Area, 



3 

4 
S 
6 

7 
B 

9 

10 

ir 

12 

13 
14 

II 

20 
24 



Triangle, or Trigon, .. 
Square, or Tetragon, , 

Pentagon, , ., 

Hexagon 

Heptagon^ ^.. ^ 

Octagon, ...*.H^.......... 

SnQeagon, ..,., 

Decagon, .,.,...,..,.„ .». 

H^ndticagon, 

Dodecagon,.., ,...*. 

Decatrigon, ,.. 

I>ecatetragon, 

Decapeatagon 

Deco^agon....... 

Icosagon, .,....*. , ......... 

IcobI tetragon^ ........ . . . 



0^5774 
07071 
o'S507 
1*0000 
i*rs24 
13066 
t '4619 
i'6iSo 

17747 
r93t9 
2*0893 
2*2470 
2-4049 

2 ■5629 

3 1962 
3 '830^ 



0-4330 
t 0000 
r 7205 
2-5981 
3 "^339 
4^8284 
6*!8i8 
7-6942 

9-3656 
1 1 1962 
13 1858 

^S"3345 
1 7 "6424 
20*1094 
3rs6SS 
45 5745 



173205 
1-41421 
'■'7557 

ITOOOOO 

o 86777 

076537 

0-68404 
o -61803 

056347 
0-51764 
0-47S63 
0-44504 
0-41582 
o '39018 
0312S7 
0-26105 



I '2990 

2-0000 

2-3776 
2-5981 
27364 

2 -8254 

2*8925 
29389 

3*9735 
3*0000 

3-0207 
3037' 
3^505 
3-0615 
3 0902 
31058 
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The semi-diameter is measured from the centre of the polygon 
to an angla 

To find the Side of a Regular Decagon by Candruction, — In fig. 
34 let A B be the semi-diameter of the 
decagon. Draw B C perpendicular to A B, 
and = ^ A B; join A G, from which cut 
off G D = B; A D will be the side 
required. 

To find, very nearly, the Side of a RegvJar 
Heptagon by Conetruction, — In fig. 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A B. Divide 
AB into 200 equal parts, and take the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join C D ; this 
will be very nearly the side required, the error 
being practically inappreciable. 




Fig. 34. 




Table of Rhuhbs (see next page). 



Points, Angles East 

32. N., 360° 00' 

31. N.6.W., 348 45 

30. N.N.W., 337 30 

29. N.W.6.N., 326 15 

28. N.W., 315 00 

27. N.W.6.W., 303 45 

26. W.N.W., 292 30 

25. W.6.N., 281 15 

24. W., 270 00 

23. W.5.S., 258 45 

22. W.S.W., 247 30 

21. S.W.6.W., 236 15 

20. S.W., 225 00 

19. aW.ft.S., 213 45 

18. aS.W., 202 30 

17. S.6.W., 191 15 

16. S., 180 00 



of North. Points. 

O'' 00', 0. N. 

11 15, 1. N.6.E 

22 30, 2. KN.R 

33 45, 3. N.R6.K 

45 00, 4. N.K 

56 15, 5. KR6.K 

67 30, 6. E.N.R 

78 45, 7. R6.N. 

90 00, 8. R 

101 15, 9. R6.S. 

112 30, 10. RS.R 

123 45, 11. S.R6.E. 

135 00, 12. S.R 

146 15, 13. S.R6.S. 

157 30, 14. S.S.R 

168 45, 15. S.6.R 

180 00, 16. a 



Qnarter-point, =z2r 48' 45" 

Half-point, =5 37 30 

Three qnarter-points, = 8 26 15 



}tV 
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MEASXJREa 

Section I. — Measubes of Angles. 



1. The Sexagesimal SfMent of angular measurement is as follows:—- 
1 revolutiou = 4 right angles = 360 degrees; 1 degree » M 
minutes; 1 minute = 60 seconds. Seconds are usually tobdi- 
Tided into decimal fractions. As to circular fMotwe, see Table 4 
in the preceding part of this work. 

2. The Nautical or Binaiy system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points^ each divided into halves 
and quarters; 1 point =11;^ degrees (see preceding page). 

3. The Ceateaimal System of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
century, but is now little used. 



Section II. — Measubes op Time. 

1. SMereai Day.— The standard unit of time is the Sidbbeal Day, 
being the period in which the eai*th turns once round on its azia. 
It is divided into sidereal hours, minutes, and seconds; bat ihese 
measures of time are used by astronomers only. 

2. Mean Solar Time.— A SECOND is the time of One Swing of a 
pendulum adjusted so as to make 86,164*09 swings in a sidereal 
day. Seconds ai'e usually subdivided decimally. 

One HiNUTE = 60 seconds. 
One HOUR = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAY = 24 hours = 1,440 minutes =x 86,400 
seconds = 1-00273791 sidereal day. 

3. Tean.— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 365*24224 mean soku: days, 
nearly. 

One COMMON year = 365 days. 
One LEAP YEAR = 366 days. 
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Tmh of the GregorlMi OilMMUr. Dftyi. 

Nimnber of year in the ChriiBtian Era — 

Ifot divifltt>le by 4 without remainder, 305 

Divisible by 4, bat not by 100, 366 

Divisible by 100, but not by 400, 365 

Divisible 1^400 [but not by 4,000],» 366 

[Divisftle by 4,000, 365] • 

4 Mmtm, Civil ■■« ahjiwiIcbL The civil day is held (in 
Western Europe and in America) to commence at midnight, llie 
astronomical day commences at noon of the civil day Imving the 
flame designation; that is, twelve hours later than the civil day. 
The dvil year is held to commence at midnight of the 3l8t of 
Deoomber of tbe year preceding; the astronomical year commences 
.at noon of the 1st of January of the civil year. 

d. WUitmtiiam I mt u MM t Tkme oA ffi#«gH»dr. At any given instant 
tiie mean solar time at two stations differs by an amount proportional 
to their dijOTecence of longitude, the time at the eastern station 
beaog the later. 

CoBBnponDiNa Differences. 



Timei 


LoDgitodei 


Time. 


I second. 


75** 


5 hours. 


4 seconds. 


90 


6 „ 


I minute. 


105 


7 „ 


4 minutes. 


120 


8 „ 


I hour. 


135 


9 « 


a hours. 


150 


10 „ 


3 >> 


165 


11 „ 


4 n 


180 


12 „ 



15" 

I' 

IS' 

^f 
30 

45 

60 

To show the exact date of any event, the meridian at which the 
time is reckoned must be specified. 

It is customary for civil and commercial purposes to reckon time 
at all places througihout Britain as for the meridian of Greenwich ; 
loeal mean aolar time being found for scientific purposes, when 
required, by calculation. 

At stations dose to the two sides of the meridian of ISO'' there 
is necessarily a difference of a whole day in the dates corresponding 
to the same real instant, the date at the western side of that 
meridian being the later. The position of the meridian of 180° is 
purely arbitrary, depending on the position assumed for the meri- 
dian of (f^ which is diffocent in each different nation. 

6. i i irtoi < — m€ tfM Tcstt— Intervals in days from the beginning 
of tiie first day of January to the begmning of the first day of each 
of the other calendar months : — 

* The roleB in brackets are an improvement proposed by Sir John Henbhel, 
which GSDnot oome mto operation until a.d. 
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Commoti Teftr: LtrnpYean 



Common Year. Leap Year. 



O 

60 

121 



I 



Jvlyr 181 182 

Anguaty 212 213 

September^. ... 243 244 

October, 273 274 

November,.... 304 305 

December,.... 334 335 

month is four weeks, or tweniy-eight 



January,... o 

. FelHTuary,.. 31 

March,. 59 

April, 90 

May, 120 

June, 151 

A so-called "Ixmar*' 
days.* 

Sectuht ITT. — MnAsuBEs OF Length. 

1. The British Standurd Yav« is the distance, at the temperature 
of 62° Fahrenheit, between two marks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

3. The French jHctre is IfoiS^ of the distance, at the tempera- 
ture of 1^ E^umnr (see pages lOo, 1061 between the ends of a 
certain bar, called the "Toise of Peru" (see pages 93, 94), and ia 
approximately one ten-millionth part of the distance from one of 
the earths poles to the equator. ^ The use of this measure, and 
others founded on it, is lawful in Britain, and a copy of the 
standard metre is kept in the Exchequer office. 



3. Britftih He 



•rXiMitfb- 





InehesL 


Feet 


Inch§ 


= I 


= tV 


Hand 


4 


* 


Foot 


13 


I 


Yard 


36 


3 


Chain 


792 


66 


Furlong 


7,920 


660 


MUe 


63,360 


5,280 



Yards. 



sV 



Statute MOea Ifetzea. 

= esie o = 00253997 7 
idio 010159907 
T^ 0-30479721 
ttW 0-91439180 

^V 20*11662 

201*1662 
1,609-3296 



I 



i 

I 

22 

220 
1,760 

The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 
commonly into binary divisions, as halves, quartent, Sths, 
16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 
lOOths, l,000ths, and 10,000ths. 

* A mean Innation, or real lunar month, is approximately 29|, or more 
exactly, 29 -53059 mean solar days ; 235 lunations nearly = 19 years,— a period 
called a lunar or Metonk cycle, 

t See ** Weights and Measures Act," 1855. Official copies of the standaxd 
yard are kept at the Royal Mint, London, the Royal Observatory, Greenwich, 
the Rooms of the RoyaJ Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
different meridiuis. (see page 117). 

§ An inch is ahnost exactly one 500,500,000th part of the earth's polar 
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The Hand is used for Heights of Horses and girths of spars. 

The Foot is subdivided decimally by civil engineers. 

The Yabd^ in Cloth Measure, is subdivided binarily, into 

Halves^ quarters, Half-quarters, and nails, or 16tHs of a 

yard. An EnglisH Ell is 1^ jwd, or 45 inches. 
The Ghaik, in Land Measure, is subdivided into 4 poles or 

perches (each of 5^ yards) and 100 links (each of 7*92 

inches). 
A Fathom is two 3rards. 

The Geographical, Nautical, or Sea Mile, or Knot, depends 
on the dimensions of the earth, which are known approximately 
only. The following are estimates of its value : — 



Mean length of one minute of 
longitude at the equator; 
being the nautical mile by 
Admiralty Begulation, ^ 

Mean length of one minute of 
latitude, 



vaa* Stetato «» -^ — 

C OOk IfilA M0UOT 

°^>y- nStrly. '^^" 

6,o86 ii5«7 ^^^55 

6,076 1-1508 1,85a 



A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cables and 
1,000 fathoms; the fathom thus obtained being about one-SOth 
part longer than the common fathom. 

4. FrcMck 91elHc«l HcmMniM •£ I^tmfflh, — 



Metres. 


British Meunrefl. 


Millimetre, 0001 

Centimetre, coi 


= 0-03937043 inch. 


Decimetre, ci 




Metre, ( = ««nToise), i 
Decametre, 10 


= 3-2808693 feejb 


Hectometre, 100 




Elilometre, 1,000 


= 0-6213768 mile 



Myriametre, 1 0,000 

The French nosud= 'British, nautical mile. 
liOg. feet in a metre = 0-5159889356. 

5. Old Scottish and Irlah Measures of Ijength. — 

The Irish Perch = 7 yards = f^ imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards = ^ 

statute mile. 
The Scottish Inch = 1-0162 imperial inch. 
The Scottish Ell = 37 Scottish inches = 37*06 imperial inches 

= 3-0883 imperial feet. 
The Scottish Fall = 6 Scottish ells == 18*53 imperial feet 



^^ 
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The Scottish Mile = 320 falls = 1,920 ells = 5,929-6 imperi 
feet = 1-123 siatate mile. 

Each of those miles was divided into 8 furlongs, and fi 
chains. 

As to Scottish measures, see Buchanan's W^hia and Meamre, 
Edinburgh, 1829. 

6. TaiiMis MmBmurem of Ijengtk. — 



United States, as in Britain. 
India — 
Hath or hant (cubit), 

Ooss (mile) = 4,000 enbita,... 

Russia — 

Foot = 12 inches, 

Sas^en or sagfene, 

Verst (500 sash^), 

Prussia, Denmark, Norway— 

Foot = 12 inches, 

Ruthe(rod) = 12 feet, 

Mile = 24,000 feet, 

Austria — 

Foot = 12 inches, 

Klafter = 6 feet, 

Mile = 24,000 feet, 

German geographical mile, ... 

German sea-mile, 

Sweden — 

Foot = 12 inches, 

Fathom = 3 ells = 6 feet,., 

Mile = 6,000 fathoms, 

Netherlands— 

Palm, 

El, 

Myle, 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

China — 

Chih(foot), 

Chang = 10 chih, 

Li = 180 change 

Old French foot = 12 inches = 

144 lines, , 

Old French Toise = 6 feet, ... 



British Measures. 

1 8 inches. 
( 6,ooo feet. 
\ = I •136 stat. mile. 

I foot. 
7 feet. 
3,500 „ 

I -02972 foot 
12*35664 feet. 
(24,713-28 
( = 4*6806 stat. miles. 

1*03713 foot. 
6*22278 feet. 
{ 24,891-12 

( =4*7142 stat. miles. 
4 geographical miles. 
I geographical mile. 



I 35»o67-6 



0*97410 foot. 
5*8446 feet. 



6*6116 stat. miles. 



3*937043 inches. 

3*2808693 feet 
5 3,280*8693 
( =0*6213768 statmiL 



I -054 foot. 0-32125 

10*54 feet 3*2125 

J 1,897 feet I e^Q..,. 

I = 0*3593 stat mile, f 57»25 

I *o657556 foot 0*324835 

6-3945335 &«*• »'949C3^ 

Log. feet in a toise, 0*8058088656. 
For the measures of length used in various States of German 
see der IngerUeur, by Dr. Julius Weisbach. 



HetM. 

o-4S7» 
i,8aS-8 

©•3048 
2-1336 
1,066-8 

0-31385 
3766a 

7,532-4 

0-31611 
1*89666 

7,586-64 

7,408 neaAy. 
1,852 neaily. 

0*2969 
I 7814 

} 10,688-5 

o*i 

i-o 

1,000 
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SscnoH IT.— Mkabuios of Abka. 



Used nr Schngb asd nr Bnoi- 



Sq. inch (dedmally tabdividad), 

Ifiwt X linch, • 

Square foot (dedmally or dno- 

decimally subdiride^, 

Square yard, • 

Square mile, — m«* 

Land Msasubk^ 

Pcxdi, •••• ••••••••••••. 

Sq. chain (= 10,000 a^ linka), ... 

Sood = 40perdie8, 

Acre =s 4 roods = 10 aq. chaina, 
UaiD DT THK Arts — 

Square (of roofing or flooring),. ...« 

Bood (&ce of maaoniy), 

Bod {face of brickwork), 



Sq^ladm. 


S»lMk 


I 
12 

} ^^ 


I 


3,097,600 


9 

27,878,400 


4? 

1,210 
4,840 


272i 
4,356 
10,890 
43.560 


'"36 

••• 


100 

324 
272 
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B^UatrML 

otX)0645i4S 
0-007741775 

010929013 

0-836112 

2,589,94i 

25*292 

404*678 

1,011*696 

4,046782 

9*29013 
30*1 
25*269 



Wwtmeh Mcliie Me 

British Measorei^ 

=0*00155003 s^. inch. 
0*155003 8^. inch. 
'5*5003 sq. inches. 
107641 sq. foot. 
10*7641 sq. feet. 
107-641 sq. feet. 
1,076*41 sq. feet. 
10,764-1 sq. feet. 
107,641 sq. feet=2*47ii acres. 

3. OM scattiah and ivMh liaad neasiiTCs. — Irish acre = 4 roods =» 

196 
160 perches = 70,560 square feet = Y^, or 1*6198 imperial acre. 

Scottish acre = 4 roods =160 falls = 54,937 square feet =1*2612 
imperial acre. 

4. Tartonallleaanroi^f Area. — 

British Measurea Sqpiaro Metreai 

XJkitsd ^ates, as in Britain. 



Science and 
Engineering. 


Land. 


Square Metree. 


Sq. millimetre,... 




o-oooooi 


Sq. centimetre,.. 




0*0001 


Sq. decimetre,... 




0*01 




Milliare, 


o*i 


Sq. metre, = 


CeDtiare, 


It) 




Dedare, 


10 


Sq. decametre,= 


Are, 


100 




Decare, 


1,000 


Sq.heet&netre,» 


Hectare, 


10,000 



Russia — 
Square foot = 144 square in. ,. 
Square 8a8hen=49 square ft., 

I>e88atme=2,400 sq. sashen,. 



J 117,600 

{ =2* 



I square foot. 
49 square feet. 



■69977 acres. 



I 10, 



0*0929013 
4-55217 

925 
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Vabious Measubes of Area— continued. 



Prussia, Denmark, Norway— 
Square foot =144 square in.,. 
Square ruthe = 144 square ft. , 

Morgen=180 square ruthen, 

Austria — 
Square ft. = 144 square Id., ... 
Square klafter = 36 square ft., 

Jocli= 1,600 square klafter,... 

Sweden — 
Square ft. = 144 square in. , . . . 

Tunnland=66,000 square ft., 

Netherlands — 
Square el, 

Bunder =10, 000 square el, ... . 

Belgium, Italy, Portugal, 
Spain— French Metric Mea- 
sures. 

Old French square foot = 144 
sqnare inches, 



British Measnres 

1*06033 sq. foot. 
152-6875 sq. feet. 

27,48375 

=0*63094 acre. 

1*07564 sq. foot. 
38723 sq. feet. 
61,957 

= 1*47366 acre. 

0*94887 sq. foot. 
53,136*72 sq. feet. 
= 1*21977 acre. 

10*7641 sq. feet. 
107,641 

=2*4711 acres. 



I'i358 sq. foot. 



Square Metran 

0^)9850 
141*85 

} 2,553*3 

0-09993 
35975 
} 5,756 

} 4,936-4 



ItXXXX) 



10,000 



0*10552 



Section V.— Solid Measures. 



1. BritMi SoUd Measares.-^ 



Cubic inch (subdivided decimally), 

1 foot X 1 inchx 1 inch, 

1 footx 1 footx 1 inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Rood of masoniy (=36 square yards 

fetce x 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a shij), 

Ton, shipbuilders' old measurement,... 



Cubic Inches. 


Cubic ft 


Cable Metres. 


I 

12 

144 


± 
T 


oxx)OOi6387 

0*00019664 

0*0023597 


} 1,728 


I 


0*0283161 


46,656 

Cubic yarda 
24 


27 

50 

648 


0764534 
1*4158 

18-35 


} "i 


306 


8665 


■..*.. 


35 


0*9910624 


•*•.•* 


100 


2*83161 


•••••• 


94 


26617 
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Sokooeftiid 

tkudllB6Cil>& 

Cnliie miniiiieira^ 
Gal»c centimetre, 
Gabbdecinietres 



Cubic iBetre.*...=: 
Cabicdecametrer:- 



Tnid& 



MiTliiitfrre, 
Centutere, 

Dedstere, 

Stere, 
Becastere, 
Hectoetera^ 
Kiloetere, 



OdUollatrei. 

OXXXXX)00OI 

OXXXXX)! 

<rooi 
o-oi 

o-i 

It> 

lO 

lOO 

1,000 



Britiah MeMoreib 

oxxxx)6io254 oabio in. 

0-0610254 „ 

61-0254 „ 

610-254 „ 

(6,10254 ,. , .. 

( =" 3 *53 1 50 cable feet 

35-3156 

353-155 

3»53i-56 

35»3i5 



r 



3. TarlMS ••IM 



Ukitkd States, as in Britain. 

BussiA, cubic foot, 

Prussia, Dxnmabx, Nobwat, cubic ft., 

Austria, cubic foot^ 

SwEDBK, cubic foot, 

KiTHIBLANDS, CUbic d,.... 

Bkloium, Italy, Pobtuoal, Sfaut — 
Froich metric measure!. 

Old French cubic foot^ 

KoEWAY, laet (of ship's displacement) » 24 British tons, nearly. 



Britiah Oablo Feet 



I* 

1*09184 
I-II557 
0-9243 
35 ^"S^ 



I -2105 



CobloMetrea. 



00283161 

0*03092 

0-03159 

0-02617 

1*00000 



0-03428 



Section VI. — Measures of Weight. 



1. The siaMdUurd p««id AT«trdiiip«to is the weight, at the temper- 
ature of 62^ Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at "Westminster. 

2. The Standard Kii^graMBie is the weight, at the temperature 
of the maximum density of water (about ^4*^ Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
llttitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawful in Britain^ and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
Hiller*s paper ''On the Standard Pound" in the PhUoaophioa* 
Tramacticma for 1856. 

* The kilogramme was at first intended to be the weight of a cubio 
decimetre of pure water at its maximum density; but it is in foct some- 
what greater. 

H 
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3. Brittoli McaMwea of lVei|^t»— 



AvoiBDUPOis Weight— 

Dranif 

Onnce = 16 drams, 

Ponnd = 16 ounces, 

^Ume, I 

Quarter = 2 stone, 

Cental, 

Hundredweight =: 8 stone 

Ton = 20cwt, 

Trot and Apothsgakiss' 
Weight — 

Grain, 

Scruple (Apoth.), 

Pennvweicnt (ifcy), 

Drachm (Apoth.) = 3) 
scruples, > 

Ounce = 20 dwt. \ 
= 8 drachms, ./ 

Pound = 12 oz., 

Diamond Weight— ' 

Diamond grain, 

Carat = 4 mamond grains, 



Graisn 

27-34375 
437*5 
7,ooo 
Ton. 
0*00625 
0*0125 



ox>5 
I 

Graina 

I 
20 
24 
60 

480 

5,760 

o*8 
3.2 



Lba. 
ATOirdiipol& 

0*00390625 

ox)625 

I 

14 
28 

100 

112 

,240 



7 Off 5 
0*00285714 
0*003428571 

000857143 

ox)6857i43 
0*82285714 



17718 

28*3495< 

4535926525 

6,S5o'297i35 

12,70059427 

45.359-2652J 

5o,8o2*377o8 

1,016,047*5416 



0-06479895 
i-295979„ 
1-5551748 

3'«87937 

31-103496 

373-24195^ 

005183916 
0*20735664 



4. FreMch Metric IH* 



lemamvem •f IVeigfat. — 

Graxnxnea. 



Milligramme, . 
Centigramme, . 
Decignunme,.. 
Gramme, 



OXX)I 

o-oi 
o*i 

i-o = 
10 
100 
1,000 = 
10,000 
100,000 

1,000,000 = 



Hectogramme, 

Kilo^amme, 

Mynagramme, 

Qiiint^ 

Tonneau (in shipbuild-l 
ing) or miUier, f 

5, Tarfons Measmres of IVelglit. — 

United States, as in Britain, with the 
following exception: — 

Quintal, 

Russia— 

Pound = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds,... 
Gebman Zollysbein, Denmark, Kob- 

WAY — 

Pound, 

Centner = 100 pounds, 

AUSTBIA — 

Pound = 32 loth, 

Centner = 100 pounds, 



British Measorea. 



15-43234874 grainflL 
2*20462125 lbs. avoizdapoift 

0-9842059 too. 



British UlMsuras. 

100 lbs. 

0-90283 
361*132 



1*10231 
110*231 

1-2346 
123-46 



Gnminea 
4S,3S9'3^P5 

409-52 
163,808- 



500- 
50,000- 

5601011 
56,001-2 



XXASUBES OF WHOHT— OF CAPACITT. 



99 



VABIOTrS MXASITBES OF WzXOBI'-eOflttftliedL 

SWIDBT — 

Skalpund = 32Ioiih, 

Skeppund =» 400 ikalpiind, 

NXTHXBLANOa — 

Pond = 10 Oncen-lOO Looden»l,000 

Wigtjes, 

Beioium, Italy, Spain, Pobtuoal— 
French Metric Measures. 

Gin or Catty = 16 tael or lyang, 

Picul = 100 catties, 133 



BMtiflh Measnrai 

0-9377 
375-08 

I 2*20462 



3 



lb. avoir. 



Gnunmei. 
425339s 

I.OOO" 



60479 
60,479. 



Section VII. — Measures of CAPAcmr. 



1. The flmdMrd OaUmi is the volnme of 10 lbs. avoirdupois of 
pore water^ at the temperature of 62° Fahrenheit, and under the 
atmospheric pressure of 30 inches of mercury. At that tempera- 
tare tibe volume of water is 1*001118 times its minimum volume. 

2. The stKB^kurd lacre is the volume of a kilogramme of pure 
water, at its temperature of maximum density (about 4° Centigrade), 
and under the atmospheric pressure of 760 millimetres of mercuiv. 
It was originallj intended to be a cubic decimetre, but is actually 
somewhat greater. 

3. BritliA Jmmmmmrem m€ Capacity*— 



Gill, 

Pint = 4 gills, 

Quart = 2 pints,.... 

Pottle = 2 quarts,.. 

Gallon = 2 pottles, . 

Peck =s 2 gallons,.. 

Boflhel B 4 pecks,.... 

Quarter = Sbnshels,. 



GallonB. 

0-03 125 
0-125 
©•25 
05 



It) 



2 
8 
64 



BrltiBhSoUdHaarar^ 
nearly. 

8 '660 cub. inches. 
34-^0 
69-280, 

138-5615 ff ^ 
277*123 „ • 

=0-160372 cub. foot 
0-32074^ „ 



1*282 
10*263 



cab. feet. 



litreai 

0*141907 
0*567628 

1-135255 
2*27051 

. 4-54102 

9*08204 
36*32816 
290*02528 



A tun of ale r= 2 butts = 4 hogsheads = 216 gallons s= 980*86 
litres. 

A Um of sea-water = 35 cubic feet = 218} gallons nearly = 
991*04 Htres. 

Afotheoabtes' Fluid Mbasube. — 

ttmim ^^..•... ...................... ........ 

Plnid drachm = 60 miniTna^ 

Fluid ounce = 8 fluid drachms, 

Pint S3 16 fluid ounces, 

Gallon a 8 pints, 



Citbio Inchea 

0*00376 
0*2256 

28-8750 
23I*OCX)0 



Litres. 

0*0000616 

0*003697 

0*029572 

0-473154 

3-785235 



• This is the correct volume of 10 lbs. of pure water at 62° Fahr.. and is 
therefore the true value of a gallon in cubic inches. In an Act of Parliament, 
now partly repealed, that v<3ume is stated to be 277 -274 cubic indies. 
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4: FreMch Bletric Blcasares •f Capacitr. — 



litres. 



Gubic IhcheiL 



Millilitre, O'ooi 

Centilitre, 0*01 

Decilitre, O'l 

litre, I' ' 

Decalitre, 10 

Hectolitre, 100 

Kilolitre, i,ocx) 

Myrialitre, io,ocx> 

5. Tavioiis Measiires •f CapaciCy. — 

United States— 

Gallon = 231 cubic inches, 

Russia — 

Vedro = 10 kmscliki = 750*668 cubic inches = 

Prussia— 

Quart or Viertel ( = 64 Prussian cubic iuches), 

Oxhoft = li ohm = 3 eimer = 6 anker = 180 quart, 

Tonne = 4 scheffel =s 64 metzen = 192 viertel, 

Austria — 

Maass = 40 seidel = 80 pfiff =: 0*0448 Austrian! 
cubic foot, j 

Eimer = 40 maass, 

Sweden — 

Kann ( = 0*1 Swedish cubic foot), 

Am = 60 kannar, 

Netherlands — 

Kan (subdivided decimally), 

Old Scottish gallon = 8 pints = 16 chopins =32) 
mutchkins = 128 gills, ) 



6ix)27 



GallonflL 



0*220215 



GallonflL 
0-833565 

2*70843 

0*25215 

45-387 
48*413 

0*3116 
12*464 

0:57635 
34-581 

0*220215 

30651 



latrea 
378523s 

12*299 

1*145 
206*I 

219*84 

1*415 
56*6 

2*617 
157-02 

I 

13-9187 



Section VIIL — Measures of Yalue, 

1. The Fineness of Gold nnd Silrer Coins means the proportion 
of the precious metal which they contain, and is generallj expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in carats, or 24ths of their total weight. 

The fineness of British gold coins is 22 carats, or 0*916|; of 
British silver coins, 0*925; and of the coins of most other nations, 
0-900. 

2. The Pound Sterling is the value of the 

pure gold in a sovereign, viz., 113*001 grsdns. 

The alloy in a sovereign consists of copper,... 10*273 m 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0*9 16|. 

Least legal tender weight, 122*75 » 

Current weight, or least weight received at 

par at the Bank of England, 122*5 i» 
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3. The Fnuic is the value of 4*5 grammes of pure silver; which 
being alloyed with 0*5 gramme of copper, the full weight of the 
coin IB 5 grammes. The fineness is 0*900. The Italian liira is 
equal to the franc in weight, fineness^ and value. 

4. The German ijm1«m doIIw (Yereinsthaler) is the value of -^ 
of a ZoUpfnnd f = ^ of a kilogramme, or 257*2 grains) of pure 

silver^ to which is added r of its weight of alloy, the fineness 

being 0*900. 

5. The CompanitiTe Taine of moneys in different countries 
fluctuates with the rate of exchcmge, and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For fui*ther information, 
reference may be made to M'Culloch's Commercial Dictionary, and 
Kelly's Universal Cambist. 

£ Sterling. Francs. 

British Pound sterling = 20 ahillinga \ 

= 240 pence = 960MMng8,.„ .. / ' ^^""^^ ^5 220 

French and Belgian Franc s= 100 ) ^.^^^^^ 

imtimes = ItAnlira, } °^3965 looo 

American Dollar = 100 cents, 0*20548 S'iSa 

BxiasoBXi Etihle = 100 kopeks, 0*15625 3*94^ 

German rerci/w^Aa^ (Union Dollar), \ 

= Prussian thaler = 30 sUberg- > 0*14493 3 '^55 

roschen = 360 p/ennige, j 

Anatrian GtUden (Florin) = I vera- \ ^.^^/:a^ -.. ^ 

insthaler = 100 Vi^^^^;. / °^9^^^ ^^37 

South German Gulden (Florin) =j 

^ vereinsthaler = 60 kreutzer = > 0*08282 2*089 

2iO pfennige, j 

Netherlandish Gulden, Guilder (or) ^.^o^^Z 

Florin) = 100 ce«to,. } °°«333 2-102 

Danish RigtbankdaUr = 96 shil-\ «.,__o. 

ling,....,. ; °'°984 2-770 

Norwegian Speci^sdaler =: 120 skil-) o •21068 

ling, / ^ 5540 

Swedish Bik8daler=:lOO ore (species- \ ^.^- .*.^ o 

ifofer = 4 riksdag), ..!. / ^ ^S479 1-382 

Portuguese MUreis = 1,000 reis, 0*2354 5*937 

Spanish Duro (Dollar) = 20 reales, 0*2083 5*254 

British Indian Bupee =16 annas = ) r^»r^,^^^» ^..ooft 

192 pice {lac =z 100,000 rupees),... / ° ^^^^ * ^30 
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Section IX. — Mbasures of Speed, HEiLviHEsa^ Pbobubi^ 

WoSKy AND POWEB. 

1. Speed or Tetocitf of advance is expEOBsed in iinitB of lengtli 

per unit of time. 

Comparison of Different Measures of Veloait/. 





perhoac 


Feet F^ Feel 

perseoond. i>ermiiuit& per hoar. 




I 


= 1-46 =88 = 5280- 




o-68i8 


= !• =60 t= 3600 




0-01136 


= o-oi6 = 1 =60 


nautical mile^ 


0*0001893 


= 0-00027 = o*oi6 = I 


per hour, or>- 
"knot," \ 


= 1-1508 


= 1-688 = ioi'275 = 6076J 



The units of time being the same in all civilized ooantriefl^ the 
proportions amongst their units of velocity are the same with those 
amongst their linear measures. 

2. Speed ef Tarnliig, or Aagvlar ▼declif, is expressed in tums 
per second, per minute, or per hour, or in circular measure per 
second. 

To convert tums into circular measure, multiply by 6-2832 
To convert circular measure into tums, multiply by 0-159155 

Compomson of Different Measit/res ofAngviUx^ TdocUy, 



Circular Measure 
per second. 


Turns 
per second. 


Turns 
perminufeo. 


Tonw 
per boor: 


I 
6-2832 


0-159155 
I 


95493 
60 


572958 
3600 


0-10472 


o-oi6666 


I 


60 


0-001745 


0*000277 


0-01666 


I 



3. Bearinen is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) Specific GraHtf is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperatmre, which in Britain is 62° Fahr., and in France the 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
the cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearly). 
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4. T9m laiMMiir m€ gpiwiB is expressed in units of weigfatou 
the unit of area, as pounds on the square inch, or kilogrammes on 
the square metre; or by the height of a oolumn of some fluid; 
or in aimofphares, the unit in this case bdng the average pressure 
of the atmosphere at the level of the sea. 

The following table gives a comparison of various units in which 
the intensities 6£ pressures are commonlj expressed. 

PotmdAOBtho Pound* on tbe 

One pound on the square inch,.... 144 i 

One pound on the square foot...... i jh 

Oneinchof mercui7(that is, weight 

of a oolumn of mercury, at 32^ 

Fahr., one inch hi^), 707275 0*491163 

One foot of water (at 39^*1 Fahr.), 62*425 04335 

One inch of water, ^ 5*2021 0^36125 

One atmb^here, <^ 29-922 inches 

of mercury, or 760 millimetres, 2,116*3 X4'7 

One foot of air, at 32^ Eahr., and 

under the pressure of one atmos- 
phere, 0*080728 ©'0005606 

Oi^ kilogramme on the square 

metre, 0*20481 0*0014223 

One kilogramme on the square 

millimetre, 204,813 i>422*3 

One millimetre of mercury, 2*7847 0*01934 

Can^mriaon of Heads of Water in Feet, wUJi Pressures in 

Various Units. 

One foot of water at 62°-3 Fahr. = 62*4 lbs. on the square foot 

,, „ o*4333 lb. on the square inch. 

„ „ 0*0295 atmosphere. 

^^ „ 0*8823 inch of mercury at 32*'- 

( feet of air at 32^, and 
» » «'3' ( one atmosphere. 

One lb. on the square foot, 0*01602*6 foot of water at 52''*3 

Fahr. 

One lb. on the square inch, 2 *3o8 feet of water. 

OneatmoH^ereof 29*922 indies > 

ofmer^,... / ^^^ 

Oneinchof mercury at 32®, i*i334 » n 

Onefoot of airat32%andone) ^.^^^^^ ^^ 

atmosphere, J ^' 

One foot ofaverage sea water...... 1-026 foot of pure water. 

5. ^TOTiL is expressed in units of weight lifted through an unit 
«f bfli^s as in lbs. lifted one foot, called fiot-poumds; or 
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^ Iirfaed one metz^ calkd iSognanmabrt8, (See Section 
XL of this put.) 

A kflognmflMtre is 7*23308 foot-poimdsL 
A fboc-poazid is 0*138254 kilogrammetre. 

6. g ww t £s expressed in unhs of wotk done in an nnit of time; 
as in fi>o4-po«mds per second, per minut^ or per hour; or in 
conTentiooal units c&IIed iane-powar. 

One Hone-Fotinr,^ Bddak measore, = 550 ft-lba per second 
= 33yOco ft-Ibfiw per minnte = 1,980,000 ft-lba per hoar. 

One "/Vwnw c/tr Ckevai^^ French measare,^75 kilogrammetres 
per second ^542 J ft-IbsL per second nearly =: 0-9863 
Brit^ hoRe-power. 

One Britkh horse-power = ix)i39 force de cheval. 

7. The SMiMc^ JiiMiwi of a given weight relatively to a given 
vertical plane is the prodnci ol the weight into its horizontal 
distance firom that plane, and is exjvessed in the same sort of 
nnits with w(»rk. 

Compcariscn qfJfeamm of Statical Moment. 

Eflogrunxnetretb 

Inch-lb. = 0*011521 

13=: I Ft-lb. = 0-138254 

113= pj = I Inch-cwt.= 1*29037 

1,344=: 113 = 12= I Foot-cwt.=: 15*4844 

2,240^ iS6|= 30^ ^1^ I Inch-ton = 25*8074 

26,880 ^ 3,340 ^ 340 =30 =12^1 Foot-ton = 309*689 

a JJbMhite VwAtM •T FMrr«w— The "Absolute ITnit of Force "* is 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an unit of velocity. 
The unit of time employed is always a second. 
The unit of velocity is in Britain one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 
unit of weight near the level of the sea, and in some 
definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 

In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 

In France the unit of weight chosen is a gramme, and it is 

equal to 9*8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

nnits of work (see Article 5 of this Section), and would be exactly 
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the same bat for the variation of the force of gravity in the 
latitude. Gravity is about 1*00017 times greater in London than 
in Paris. 



Section X.— Measxtbes of Heat. 

1. ToBperaUDrey or^ MmMmmtktj •f Heat. — 

C3..-»^A-»«v 'D/xT^^ma Corresponding Degre«i OH Scala 

STAKDABB JrOINTS— Fahrenheit^ntignwle. H^omar. 

BoUing point of ^ter) ^^^o ^^, g 

under one atmosphere, ) 
MeltiDg point of ice, 32" o® o<> 

9** Fahrenheit = 5"* Centigrade = 4" Reaumur. 
9 
Temp. Fahr. = - Temp. Cent + 32« 

= ? Temp. Rdaum. + 32« 

5 5 

Temp. Cent. = ^ (Temp. Fahr. — 32*) = - Temp. R^um. 

4 4 

Temp. R^aum. = g (Temp. Fahr. — 32") = g Temp. Cent. 

2. <|miMtities of Heat are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogrammes of water 
heated one degree Centigrade (the French unit of heat). 

One French unit of heat (called Calorie) = 3*96832 British units. 
One British unit of heat = 0*251996 French units. 

Quantities of heat are sometimes also expressed in units of 
evaporation; that is, units of weight of water evaporated under 
the pressure of one atmosphere. 

Heat which evaporates one lb. \ 

of water under one atmos- > =966*1 British units of heat, 
phere, j 

^So^eoJTCf.."!} =5367 Frenchuxuteof heat 



106 



OOMFASATITE TABLE OF SCALES OF TeKPEBATUBK. 



Fkhr. 



Gent 



B^anxn. 



Fahr. 



Gent B^iixn. 



-58 


-50 


-40 


3" 


155 


134 


680 


360 


388 


-49 


-45 


-36 


320 


160 


128 


689 


3«S 


393 


-40 


-40 


-32 


329 


165 


133 


698 


370 


396 


-31 


-35 


-38 


338 


170 


136 


707 


375 


300 


— 23 


-30 


-34 


347 


175 


140 


716 


380 


304 . 


-13 


-25 


— 20 


3S<S 


180 


144 


725 


38s 


308 


- 4 . 


— 20 


-16 


365 


185 


148 


734 


390 


313 


+ 5 


-IS 


-13 


374 


190 


153 


743 


395 


316 


14 


-10 


- 8 


383 


195 


i5« 


753 


400 


320 


23 


- 5 


- 4 


392 


209 


160 


761 


405 


334 


32 








401 


205 


164 


770 


410 


338 


41 


+ 5 


+ 4 


410 


210 


168 


779 


415 


333 


SO 


10 


8 


419 


215 


173 


788 


430 


336 


59 


15 


13 


428 


230 


176 


797 


425 


340 


68 


20 


16 


437 


335 


180 


806 


430 


^H 


17 


25 


20 


44<5 


230 


184 


815 


435 


348 


86 


30 


34 


455 


235 


188 


824 


440 


353 


95 


35 


28 


464 


340 


192 


833 


445 


35« 


104 


40 


32 


473 


245 


196 


843 


450 


360 


113 


45 


36 


482 


250 


300 


851 


455 


364 


133 


SO 


40 


491 


255 


304 


860 


460 


3«8 


131 


55 


44 


500 


260 


308 


869 


465 


373 


140 


60 


48 


509 


265 


312 


878 


470 


37« 


149 


65 


52 


518 


370 


3l6 


887 


475 


380 


158 


70 


S6 


527 


275 


320 


896 


480 


^It 


167 


75 


60 


536 


280 


334 


905 


485 


388 


176 


80 


64 


545 


285 


338 


914 


490 


393 


186 


85 


68 


554 


290 


333 


923 


,495 


396 


194 


90 


72 


563 


295 


236 


933 


Soo 


400 


203 


95 


76 


572 


300 


340 


941 


S05 


404 


213 


100 


80 


581 


305 


244 


950 


510 


408 


231 


105 


84 


590 


310 


348 


959 


515 


413 


230 


no 


88 


599 


315 


353 


968 


520 


416 


239 


"5 


92 


608 


320 


356 


977 


525 


430 


248 


130 


96 


617 


325 


360 


986 


530 


424 


257 


"5 


100 


626 


330 


264 


995 


535 


428 


266 


130 


104 


635 


335 


268 


1004 


540 


433 


275 


135 


108 


644 


340 


272 


1013 


545 


436 


284 


140 


112 


653 


345 


276 


1033 


550 


440 


293 


145 


116 


662 


350 


280 


103 1 


555 


444 


303 


150 


120 


671 


3.5S 


284 


1040 


560 


448 



Fahr. Gent B^Mon. 



OOHYlBSIOV-TABLEaL 
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Ssoznur XL-^Tableb of Mni;nnjEB8 fob Covyebtino 
Measubes. 



1. e^t yri i— •T 



Vmcti* 



aTML4fh& ate. 


mtM. 
I .. 


I ... 
. 2 ... 

3..- 


PedmaU 
•03125 
-06250 
•08333 . 
•09375 


.. I 


etiuk 


ilUm. adi. Baljta, 


I ... 


2 .. 
3- 


. 4... 
5... 

6 ... 

7 ... 


•12500 
•15625 
•16667 . 
•18750 
•21875 


.. 2 . 


.. I 




I ••• 2 ••■ 


4- 

5.. 


. 8... 

9... 

. 10 ... 


•25000 . 

•28125 

•31250 


.. 3. 




.. X 








•33333 . 
•34375 


. 4. 


. 2 . 


I 






II ... 






3- 


6.. 


. 12 ... 
13... 

. 14 ... 
15... 


•37500 
•40625 
•41667 . 
•43750 
•46875 


.. 5 






I ••• 2 ••• J^ ••• 


.8.. 
9- 


. 16 ... 

17 ... 

. 18 ... 

19... 


•50000 . 

•53125 

•56250 

•58333 . 
•59375 


.. 6 . 
.. 7 


- 3. 


.. 2 ••«...••• I 


s... 


10 .. 


. 20 ... 
21 ... 


'62500 
•65625 














•66667 . 
•68750 


. 8 . 


. A . 


2 




II .. 


. 22 ... 




. Sf . 








23... 


•71875 








3 ••• 6 •.. 


12 .. 
13.. 


. 24 ... 

25 ... 
. 26 ... 

27... 


•75000 . 
•78125 
•81250 
•83333 . 
•84375 


.. 9. 
.. 10 . 


.5 


• 3 


7 ... 


14.. 
15.. 


. 28 ... 
29 ... 

. 30 ••• 
31 ... 


•87500 
-90625 
•91667 . 
•93750 
•96875 


.. II 






9 ••• 4 ••• ^ •*■ 


16.. 


. 32 ... 


i-ooooo . 


.. 12 . 


.. 6 . 


.. 4 ... 3 ... 9 
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The values, in decimals, of the binary fractions are exact Those 
of duodecimal fractions which are not also binary fractions, are 
approximate only. 

2. nialilplien for Conrertiiig Britiali Mcami 





A.— Lmks 
into 


R— Feet into 
TJnks. 


0— Squaw 


D.— Sqtuoe 
Feethito 






Feet 


Square Feet 


Square Links. 




I 


0-66 


1-51515 


04356 


2-2957 


I 


2 


I 32 


303030 


0-8712 


4-5914 


2 


3 


1-98 


4-54545 


1-3068 


6-8871 


3 


4 


2 64 


6 0606 I 


17424 


9-1827 


4 


5 


3-30 


7-57576 


2-1780 


11-4784 


5 


6 


396 


9-09091 


2-6136 


13-7741 


6 


7 


4 62 


10-60606 


3-0492 


160698 


7 


8 


5-28 


I2-I2I2I 


3-4848 


183655 


8 


9 


5*94 


13*63636 


3-9204 


20-6612 


9 


lO 


660 

R-Mean 


I5-I5152 

F.— Statute 


4-3560 


22-9568 


10 




Geographical 

Mileslnto 
Statute Miles. 


Miles into Mean Gh.— Tons 


H.— Lbs. 






Gteogrophical 


into Lbs. 


intoToBB. 




I 


1-151 


0-869 


2,240 


•0004464 


I 


2 


2-302 


1-738 


4,480 


•0008929 


2 


3 


3452 


2-607 


6,720 


-0013393 


3 


4 


4-603 


3-476 


8,960 


•0017857 


4 


5 


5754 


4-345 


11,200 


•0022321 


5 


6 


6-905 


5-214 


13,440 


•0026786 


6 


7 


8-056 


6-083 


15,680 


•0031250 


7 


8 


9-207 


6'952 


17,920 


•0035714 


8 


9 


10*357 


7-821 


20,160 


•0040179 


9 


lO 


11-508 


8-690 


22,400 


•0044643 


10 




L— Tons 


J.-CuWcFeet 
into Tons 4 


K.— Lbs. on the 


L.— Lbs. on 






Displacement 
into 


Square Inch 
iito Lbs. on the 


the Square Foot 
into Lbs. on the 






Cubic Feet 


Square Foot 


Square Inch. 




I 


35 


•02857 


144 


•00694 


I 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•II429 


576 


•02778 


4 


5 


175 


•14286 


720 


•03472 


s 


6 


210 


•I7H3 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


1,152 


•05556 


8 


9 


315 


•25714 


1,296 


•06250 


9 


lO 


350 


•28571 


1,440 


•06944 


10 
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lt-Ll».AToir 


N.— Gralna into C— OnMo Feet 


P.-OaUons into 


into Qraina. 


LlM. Avoir. 


intoQallona. 


Cubic Feet 


I 1, 


000 


0-000142857 


6 


•2355 


0-16037 I 


2 14, 


000 


0-000285714 


12 


•4710 


032074 2 


3 ai,ooo 


0-000428571 


18 


•7065 


0*481 13 3 


4 38, 


000 


0-000571429 


24-9420 


0-64149 4 


5 35, 


000 


0*000714286 


31 


•1775 


0-80186 5 


6 42, 


000 


0-000857143 


37-4130 


0-96223 6 


7 49, 


000 


0-00 1 000000 


43 


•6485 


1-12260 7 


8 56, 


000 


o-ooi 142857 


49 


■8840 


1-28298 8 


9 ^3, 


000 


O-OOI285714 


46 


"95 


1-44335 9 


10 70,000 


0-001428571 


62 


•3550 


1-60372 10 


Q.— Yalnes of DedmAl Fraotioiu of % Ponnd Sterling in ShilUngs and Penoei 


£ 


8, 


d. 


£ I 


r. 


d. 


£ 8. d. 


•001 = 





0-24 


•01 = 


2-4 


-1 = 3 


•002 





0-48 


-02 


4-8 


-240 


-003 





072 


•03 


7-2 


•360 


•004 





0-96 


-04 


96 


-480 


•005 





I -20 


•05 1 




00 


•5 lOr 


•006 





1-44 


-06 1 




24 


•6 12 


•007 





1-68 


-07 ] 




4-8 


-7 14 


•008 





1-92 


-08 




72 


-8 16 


•009 





2-i6 


-09 ] 




9-6 


•9 18 


&— Yalnee of Fartfaings, Fence, and Shillixi 


igsin 


Decimal] 


^'Factions of a Found. 


nurthinga. 




£ 




Shillings. 


£ 


I 




•0010417 




I 


•05 


2 




•0020833 




2 


•10 


3 




•0031250 




3 


•15 


Fenca 








4 


•20 


I 




•004167 




5 


•25 


14 




-006250 




6 


•30 


3 




•008333 




7 


•35 


3 




•012500 




8 


•40 


4 




•016667 




9 


•45 


44 




•018750 




10 


•50 


s 




•020833 




II 


•55 


6 




•025000 




12 


•60 


7 




•029167 




13 


•65 


I* 




•031250 




14 


•70 


8 




•033333 




'5 


•75 


9 




•037500 




16 


•80 


10 




•041667 




17 


•85 


104 




•043750 




18 


•90 


XI 




•04« 


5833 




19 


•95 



110 
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ICKASUBESL 



MULTIPUEBS FOB CONYEBTINO BbITISH AlH) FbENCH 

Measitbes. 





A.-Metra8 


R-Feet 


C— MnUmetres 








into 


into 


into 


into 




' 


Feet 


Metres. 


Inches. 






I 


32809 


0-3048 


•03937 


25-400 


I 


2 


6-5617 


06096 


•07874 


50-800 


2 


3 


98426 


0-9144 


•I181I 


76-199 


3 


4 


I31235 


I-2192 


•15748 


IOI-599 


4 


5 


16-4043 


1-5240 


•19685 


126-999 


5 


6 


196852 


1-8288 


•23622 


152-399 


6 


7 


22-9661 


2-1336 


•27559 


177-798 


7 


8 


26-2470 


2-4384 


•31496 


203-198 


8 


9 


29-5278 


27432 


•35433 


228-598 


9 


lO 


32-8087 


3*0480 


•39370 


253-998 


10 




S.~Sqiiare Metres 


F.— Square Feet 
into 


G.— Square 


K-^uare Inches 






into 


Millimetres into 


into Square 






Square Feet 


Square Metrea 


Square Inches. 


Millimetres. 




I 


10-764 


•0929 


•0015500 


645-15 


I 


2 


21-528 


•1858 


•003 1 00 1 


1290-30 


2 


3 


32-292 


•2787 


•0046501 


1935^44 


3 


4 


43056 


•3716 


•0062001 


2580-59 


4 


5 


53821 


•4645 


•0077501 


322574 


5 


6 


64-585 


•5574 


•0093002 


3870-89 


6 


7 


75-349 


•6503 


•0108502 


4516-04 


7 


8 


86-113 


'7432 


•0124002 


516118 


8 


9 


96-877 


•8361 


•0139503 


5806-33 


9 


10 


107-641 


•9290 


•0155003 


6451-48 


10 




L— Cubic Metres 


J.-CuWc Feet 


K-Cubic MHlimetres L.--Cnbic Inches 






into 


into 


into 


into 






Cubic Feet 


Cubic Metres 


Cubic Inches. 


Cubic Millimetres. 




I 


35-316 


•028316 


•00006103 


16387 


I 


2 


70-631 


•056632 


•00012205 


32773 


2 


3 


105*947 


•084948 


•00018308 


49160 


3 


4 


141-262 


•I 13264 


•00024410 


65546 


4 


5 


176578 


•I41581 


•00030513 


81933 


5 


6 


211-894 


•169897 


•00036615 


98320 


6 


7 


247-209 


•I98213 


•00042718 


II 47 06 


7 


8 


282-525 


•226529 


•00048820 


I3I093 


8 


9 


317-840 


•254845 


•00054923 


147480 


9 


10 


353*156 


•283161 


•00061025 


163866 


10 
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MuLnpLiERS fOB ComrERTiKO British and French 
Measures— ecm^nuec?. 





3L— QnmmM 


N.-GT»in8 




p.— Lb& 






into 


into 


into 


into 






Gnina. 


Gnmmea 


LiML 






I 


154323 


•06480 


2-2046 


04536 


X 


a 


30-8647 


-12960 


4-4092 


0-9072 


2 


3 


46*2970 


•19440 


6-6139 


1-3608 


3 


4 


617294 


•25920 


8-8185 


18144 


4 


5 


77-1617 


•32399 


II -0231 


2-2680 


5 


6 


925941 


•38879 


132277 


2-7216 


6 


7 


108-0264 


•45359 


154323 


3-1751 


7 


8 


123-4588 


•51839 


17-6370 


36287 


8 


9 


138-8911 


•58319 


19-8416 


4-0823 


9 


lO 


154-3235 


-64799 


22-0462 


4-5359 


10 




Q.— Tonnewix 


R-Ton» 


a-LitTM 


T.— Gallons 






into 


into 


into 


into 






TOD& 


Tonneanx. 


GaUons. 


Litres. 




I 


0-9842 


I -0160 


0-2202 


4-541 


I 


2 


1-9684 


2-0321 


0-4404 


9-082 


2 


3 


2-9526 


3-0481 


O'66o6 


13623 


3 


4 


3.9368 


4-0642 


0-8809 


18-164 


4 


5 


4-92x0 


5-0802 


I-IOII 


22705 


5 


6 


59052 


6-0963 


1-3213 


27-246 


6 


7 


68894 


7-1123 


1-5415 


31-787 


7 


8 


7-8736 


8-1284 


1-7617 


36-328 


8 


9 


8-8579 


9-1444 


1-9819 


40869 


9 


10 


9-8421 


10-1605 


2-202li 

"W.— KilogrammeB 

on the Square 
Millimetre into Lbs. 


45-410 
X.— Lbs. on the 


10 




17^->KOograininetre8 
into 


v.— Foot-Lba. 
into 


Sonare Inch into 






Foofr-Lba 




on the 
Square Inch. 


on the Square 
Millimetre. 




I 


7233 


0-13825 


1422 


-000703 


I 


2 


14-466 


0-27651 


2845 


-001406 


2 


3 


21-699 


0-41476 


4267 


•002109 


3 


4 


28932 


0-55302 


5689 


-002812 


4 


5 


36-165 


0-69127 


71II 


-PO3515 


5 


6 


43-398 


0-82952 


8534 


•004219 


6 


7 


50632 


096778 


995<5 


•004922 


7 


8 


57-865 


I -10603 


11378 


•005625 


8 


9 


65098 


1-24429 


1 2801 


•006328 


9 


lo 


72-331 


1-38254 


14223 


•007031 


10 
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MULnPLIEBS FOB CONVERTINO BbTTISH AND FbENCH 

Measubes — fxfnliiwudd. 





Y.— Eflometras 


Z.-lfileB 


AA.— Hectares 


BR— Acres 






into 


into 


into 


into 






mea 


Eiloiiietrea. 


Acrea 


Hectaiea 




I 


0*6214 


1-6093 


2-471 


0-4047 


I 


2 


1-2428 


32186 


4942 


0-8094 


2 


3 


1*8641 


4-8280 


7-413 


I-2140 


3 


4 


?-4855 


64373 


9-884 


I -61 87 


4 


5 


3-1069 


8-0467 


12-356 


2-0234 


5 


6 


3.7283 


9-6560 


14-827 


2-4281 


6 


7 


4-349<5 


11-2653 


17-298 


28328 


7 


8 


4-9710 


12-8747 


19-769 


3-2375 


8 


9 


5-5924 


14-4840 


22-240 


3-6421 


9 


lO 


6-2138 


160933 


24-711 


4-0468 


10 




Oa— FranoB 


DD.-£ 


EE— Francs 


FF.— Penos 






into 


into 


into 


into 






£. 


Franca 


Fenca 


Franca 




X 


•03965 


25-22 


9-516 


0-10508 


X 


a 


•07930 


50-44 


19-033 


O-2IOI7 


2 


3 


•I 1895 


75-66 


28-549 


0-31525 


3 


4 


•15860 


100-88 


38-065 


0-42033 


4 


5 


•19826 


126*10 


47-581 


0-52542 


5 


6 


•23791 


151-32 


57-098 


0-63050 


6 


7 


.37756 


176-54 


66-614 


073558 


7 


8 


•3172I 


201-76 


76-130 


0-84067 


8 


9 


•35686 


226-98 


85-646 


094575 


9 


lO 


•39651 


252-20 


95-163 


1-05083 


10 




5. 


Conversion 


OF Velocities. 






A.-]mB8 


R-Feet 


GL-EnotB 


IX-S^efe 






per Hour into 


per Second into 


into 


per Second 






^aetper 


Miles per 


Feet per 


into 








Hour. 


SecoEd. 


Enota 




X 


1-467 


0-682 


1-688 


0-592 


I 


2 


a-933 


1-364 


3-376 


II85 


2 


3 


4-400 


2-045 


5-064 


1777 


3 


4 


5-867 


2-727 


6-752 


2-370 


4 


5 


7333 


3409 


8-439 


2-962 


5 


6 


8-8oo 


4-091 


10-127 


3555 


6 


7 


10-267 


4-773 


11-815 


4-147 


7 


8 


11-733 


5-455 


13-503 


4740 


8 


9 


13-200 


6136 


15-191 


5-332 


9 


so 


14-667 


6818 


16-879 


S-925 


10 
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(ToNYZBSiOH OF Yelogities— oon^tntMtf. 



Angnlftr Velodtj. 







7.-MetrMper 
Saoondinto 


G.— Turns per 


H.— OironUr 






MotEMper 
SeocoSr 


Second into 


Meumreinto 








Circalar MeMrare. TnmB per SeconiL 




X 


05144 


1-944 


6-28 


0*159 


I 


a 


1-0288 


3-888 


12-57 


0*318 


a 


3 


1-5432 


5-832 


18-85 


0-477 


3 


4 


20576 


7776 


25-13 


0637 


4 


5 


2-5720 


9-720 


31-42 


0*796 


5 


6 


3-0864 


11-664 


37-70 


0955 


6 


7 


3-6008 


13*608 


43-98 


1*114 


7 


8 


4-1152 


15-552 


50*27 


1*273 


8 


9 


4*6296 


17*496 


5655 


1*432 


9 


xo 


5-1440 


19*440 


6283 


1-592 


10 



6. CoirvEKsioN OF Pbessuees in AtMOSPH£BE& 



A*^^ Iil». on. 


LbaOnHie 
Square 
Foot 


Kilogrammes 
on the 


MUlimetras 
of 


Inches 
of 


Feet 
of 


V>e'^ Sqnarelnoh. 


Square Metre. 


Mercuxy. 


Mercury. 


Water. 


I 147 


2I16 


10333 


760 


29-922 


33-9 


2 29*4 


4233 


20666 


1520 


59.844 


67*8 


3 44-1 


6349 


30999 


2280 


89765 


IOI7 


4 588 


8465 


41332 


3040 


1x9*687 


135-6 


5 73-5 


IO581 


51665 


3800 


149-609 


169*5 


6 88-2 


12698 


61998 


4560 


179-531 


203*4 


7 102*9 


I4814 


72331 


5320 


209*453 


237-3 


8 117-6 


16930 


82664 


6080 


239374 


271*2 


9 132-3 


19047 


92997 


6840 


269*296 


305-1 


10 147*0 


21163 


103330 


7600 


299*218 


339-0 



■ 1 



11 



II 
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PAET III. 

RULES IN ENGINEERING GEODESY. 
ftscmoH I. — Rules depending on the Duiensions and Fiqubb 

OF THE EaBTH. 

1. Bartii'* Priacipai i^iaieasioas (as calculated at the British 
Ordnance Survey Office^ and published in 1866.)— Longitude of 
the earth's greater equatorial axis, about 15° 34' east of Greenwich. 
Longitude of the eai-th's lesser equatorial axis, about 105° 34^ east 
of Greenwich. 

Feet Metres. 

Greater equatorial axis, 4 1 ,85 2,7 oo 1 2,7 56,588 

Lesser equatorial axis, 411839,944 12,752,701 

Mean equatorial diameter, 41,846,322 12,754,644 

Polar axis, 41,706,858 12,712,136 

Mean between mean equatorial I ^ ^ ^ 

diameter and polar axis, / 4i.776,590 i2,733,390 

In the present state of our knowledge, calculations of the earth's 
dimensions are doubtful beyond the fifth figure. 

2. miaate of i^aiiCHde.— Length on the earth's surface corre- 
sponding to a minute of the mean meridian; 

in feet = 6076 — 31 cos - 2 latitude of middle of arc; 

in metres = 1852 — 9*4 cos • 2 latitude of middle of arc; 
(observing that cosines of obtuse angles have their signs reversed.) 
These formulsB are correct, for any meridian, to the nearest foot^ 
and to the nearest ^ of a metre. 

3. aitaHte of Princ Teriical (being the great circle perpendicular 
to the meridian), 

' f . _ 12214 4- lengthof minute of meridian^ 
in tee V — - ^ 

. 3723 + length of minute of meridian 
in metres = 5 . 

- 4. BEinaus of liongitnde. — For its length multiply the length of 
a minute of the prime vertical by the cosine of the latitude. 

o. BxpUuiatioa of Table. — The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at inter\'als of one degree, from 0® to 90®: — 
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RULES IK EETOniEBBnrG GEODESY. 



Lfti 
O^ 

I 

a 
3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 
15 
i6 

17 
i8 

19 

20 
21 
22 

23 
34 

as 

26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 



IfiiLLans. 


IfiiLpr.T. 


Miii.Lat 


lOiLLat 


IfiiLpr. T. 


... 6086 .. 


. 6086 .. 


. 6045 


6107 . 


.. 6107 ... 


... 6085 ... 


. 6086 .. 


. 6045 


6107 . 


.. 6107 ... 


... 6083 .. 


. 6086 . 


. 6045 


6107 . 


.. 6107 ... 


... 6078 .. 


. 6086 . 


. 6045 


6107 . 


.. 6107 ... 


... 6071 .. 


. 6086 . 


. 6045 


6107 . 


.. 6107 ... 


... 6063 .. 


. 6086 .. 


. 6045 


6107 . 


.. 6107 ... 


... 6053 .. 


. 6087 .. 


. 6046 


6106 . 


.. 6107 ... 


... 6041 .. 


. 6087 . 


. 6046 


6106 . 


.. 6107 ... 


... 6027 .. 


. 6087 . 


. 6046 


6106 . 


.. 6107 ... 


... 6012 .. 


. 6087 . 


. 6047 


6105 . 


.. 6106 ... 


... 5994 .. 


. 6087 . 


. 6047 


6105 . 


.. 6106 ... 


..• 5975 •. 


. 6087 . 


. 6047 


6105 . 


.. 6106 ... 


... 5954 .. 


. 6087 . 


. 6048 


6104 . 


.. 6106 ... 


... 5931 •• 


. 6087 . 


. 6048 


6104 . 


.. 6io6 ... 


... 5907 •• 


. 6088 . 


. 6049 


6103 . 


.. 6106 ... 


... 5880 .. 


. 6088 . 


. 6049 


6103 . 


.. 6106 ... 


... 5852 .. 


. 6088 . 


. 6050 


6102 . 


.. 6105 ... 


... 5822 .. 


. 6088 . 


. 6050 


6102 . 


.. 6105 ... 


... 5790 •• 


. 6088 . 


. 6051 


6101 . 


.. 6105 ... 


... 5757 .. 


. 6089 . 


. 6052 


6100 . 


.. 6105 ... 


... 5721 .. 


. 6089 . 


. 6052 


6100 . 


.. 6105 ... 


... 5684 .. 


. 6089 . 


. 6053 


6099 . 


.. 6104 ... 


... 6646 .. 


. 6089 . 


. 6054 


6098 . 


.. 6104 ... 


... 5605 .. 


. 6089 . 


. 6054 


6098 . 


.. 6104 ... 


... 5563 .. 


. 6090 . 


. 6055 


6097 . 


.. 6104 ... 


... 5519 .. 


. 6090 . 


. 6056 


6096 . 


. 6103 ... 


... 5474 .. 


. 6090 . 


. 6057 


609s . 


. 6103 ... 


... 5427 •• 


. 6091 . 


. 6058 


6094 . 


. 6103 ... 


... 5378 .. 


. 6091 . 


. 6059 


6093 . 


. 6102 ... 


... 5327 •• 


. 6091 . 


.. 6060 


6092 . 


. 6102 ... 


... 5275 .. 


. 6092 . 


.. 6061 


6091 . 


. (S102 ... 


... 5222 .. 


. 6092 . 


.. 6061 


6091 . 


. 6102 ... 


... 5166 .. 


. 6092 . 


.. 6062 


6090 . 


. 6101 ... 


... 5109 .. 


. 6092 . 


.. 6063 


6089 . 


.. 6101 ... 


... 5051 •• 


. 6093 . 


.. 6064 


6088 . 


. 6101 ... 


... 4991 .. 


. 6093 . 


.. 6065 


6087 . 


. 6100 ... 


... 4930 .. 


. 6093 . 


. 6066 


6086 . 


. 6100 ... 


... 4867 .. 


. 6094 . 


. 6067 


608s . 


. 6100 ... 


... 4802 .. 


. 6094 . 


.. 6068 


6084 . 


. 6099 ... 


... 473^ .. 


. 6095 . 


.. 6070 


6082 . 


. 6099 ... 


... 4669 .. 


. 6095 . 


.. 6071 


6081 . 


. 6098 ... 


... 4600 .. 


. 6095 . 


.. 6072 


6080 . 


. 6098 ... 


... 4530 •• 


. 6096 . 


. 6073 


6079., 


.. 6098 ... 


... 4458 .. 


. 6096 . 


. 6074 


6078 . 


. 6097 ... 


... 4385 .. 


. 6096 . 


. 6075 


6077 . 


. 6097 ... 


... 43" .. 


. 6097 . 


. 6076 


6076 . 


.. 6097 ... 



IBn-LODK. 


i«t 


.. 


.90' 


loy .. 


.89 


213 .. 


.88 


330 .. 


.87 


426.. 


.86 


532 •• 


.85 


638 .. 


.84 


744 .. 


•83 


850 .. 


.82 


955 •• 


.81 


1060 .. 


80 


1165 ... 


79 


1270 ... 


78 


1374 - 


77 


1477 ... 


7« 


1580 ... 


75 


1683 ... 


74 


1785 .•■ 


73 


1887 ... 


72 


1988 ... 


71 


2088 ... 


70 


2188 .. 


69 


2287 ... 


68 


238s ... 


67 


2483 ... 


66 


2579 ... 


6S 


2675 ... 


64 


2771 ... 


63 


2865 ... 


63 


2958 ... 


61 


3051 • •• 


60 


3142 ... 


59 


3233 ." 


S8 


3323 ••■ 


^l 


3413 - 


56 


3499 - 


55 


3586 ... 


54 


3671 ... 


53 


3755 ... 


52 


3838 ... 


51 


3930 ... 


50 


4001 ... 


49 


4080 ... 


48 


4158 ... 


47 


4235 ••• 


46 


43" ••• 


45 
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€. Ml III mr m Ctami Clrcto te mmf iilMili. — AsMmOh 18 the 
ai^b which a grren Tertioal plane trayeraing a station makes with 
the plane of the meridian of that station. Let m denqte the length 
of a minnte of the meridian, and j? the length of a minnte of the 
pcime Tertical^ at the latitade of the middle of the ace to be 
measoied; then the length required 

= ^—5 ■ ^ " cos 2 azimuth; 

ofaeerving, that when the azimnth exceeds 45% the second tenn 
cf the formula is to be added, instead of subtracted. 

Example I. — ^In latitude 60% required the length in feet of one 
minute of a great circle on the earth's sui&ce whose azimuth is 30% 

^^6102.6091^12193, ^,.,,^^ 
X cos 60** = .0-5 



Product to be subtracted^ 2*75 



Length required^ to the nearest foot,... 6094 feet. 

ExAKFLE IL — In the same latitude, let the azimuth be 60^; 
then 60° x 2 = 120% an obtuse angle, whose cosine is = — cob 
(180° - 120°) = - cos 60° = - 0-5. 

E4-^«fil^oi«> ^^^'^ feet. 



Length required, to the nearest foot, 6099 feet. 

6a. CMOained Arc — Divide the distance between two stations 
by the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

7. To MmA the Tnic AslmaOi •€ a StaUon-Iiiue. 

ii By the Tido greatest Elongations of a Circivmpolar Star, — 
Observe the greatest and least horizontal angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of those 
angles, which is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, » TJrssd Minoris, is the best. 

This method is seldom practicable with an ordinary theodolite, 
as in general one of the ol^ervations must be made by daylight. 

IL By equal Altitudes of a Star. — The theodolite being at a 



UMBJiiBL ta ^» acMEMfc-fiMg g^oBea, Me aate the horiaontal an^e from 
(W sttiBHL-Sni^ %} SBT 9Bur wUsk k bq4 near the highest or lowest 
pnau «£ XB» ippucsts «iubr eavcae^ ud take ailao tibe altitude of thii 
:^Qir: Lavn^ ciM T«rabal eocie rismpedj and let the instnimeiit 
nmabi mnt&snrMi wasaL ^e atur k afipraidiiiig the same altitude 
at ib!# tKh«r abJll^ et i&s appaRst ebcolar oomae. Then, without 
atoTtQ|t ^bii^ T«Qi3iI QpJft . direct Ae tdeaoope towards the ster, 
«diUDLp ib^ Teraasr^^ue;. and bj ^le aid of its tangent-screw follow 
^ ;seur in aaiTnaA wish the cioaB wires nntfl it arrives exactly at 
its fimmar alstfiode. ;fes ^ ;shown br its imi^ coinciding with the 
<xviB wit« : tbiOL oMnsore the honaoiital ai^e between the new 
diwirt&n «}£ the aour and the scafeMXk-line: the mean between the two 
ht^rtaiM&QsL angie» wiH be the true aiimath of the station-line.* 

In bi>^ the oreceifin^ proceaaes it is to be understood that the 
■Mm iirHmt ki»^samAd m^m means thdr half-man when they are 
aft the sune side of the statuHt-Hne^ bat their half-d^ertnee when 
theT ace at oopo^te ;»de& 

The jiKvHid method mar be applied to the sun, observing the 
$tta $ w«$t limb in the fbcenoon uid east limb in the afternoon, or 
Wi» wnMl : but in that case a ccNrrection is required, owing to the 
!»m s chan^ c^"^ deciinatioa. liHien the sun's declination is chang* 

iflt^ towards the { ^ ^ r > ^^ appiotadmate direction of the meii- 

dttm» as l^uud bv the method just deecribed, is too fiir to the 

I wS \ " ^'^ correction required is given by the formula,t 

chaiupe of sun s d^4ination , x-x -i 1 -» 

--^' . X see "latitude x cosec 5 angular 

motion of sun between the observations. 

ITL B^ Ona grmif^ Elt^ngoHon of a CvrmvKpdar Star. — ^To use 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sin * aiimuth of star at greatest elongation 
= cos * declination — cos * latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (according as the station-line lies to the same side of 

* In observing at night with the theodolite, it is necessaiy to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visihle. 

^^t At the equinoxes, the rate of change of the sim*s declination is about 
'^'' per hoar; and it varies neaurly as the ooeine of the sun's ri^ 
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the meridian with the star^ or to the opposite side) gives the 
tiimiith of the station-line* 

IV. By obaenfing the Altitude of a Star, and the Horizontal 
Anfflehekoeenil and the Station-Line, — The altitude being corrected 
fior refraction, the azimnth of the star is computed by taking the 
lenith distance^ or complement of that altitude, the polar distance t 
of the star, and the co-latitude of the place, as the three sides of 
a ^erical triangle; when the azimuth of the star will be the 

* The following is a table of the declinations of a few of the more con- 
tpieoons stars for the Ist of January, 1865, together with the annual rate at 
which those declinations are changing, + denoting increase, and — diminu- 



NORTHERN HEMISPHERE. 

Stab. North Declinatioa Bate of Annual Variatioo. 

a AndromedsB, 28° IW 42^ + 19"-9 

a XJrsflB Minons (Pole-Star), 88 35 23 +19*2 

a Arietis, 22 49 21 + 17 "2 

a Ceti, 3 33 28 +14-4 

a Persei, '^ 22 39 +13*2 

a Tauri (Aldebaran), 16 14 6 +7-6 

a Anrigie (Gapella) 45 51 24 +4*2 

a Ononis (Betelgeuze), 7 22 43 + 1 1 

a Geminorum (Castor), 32 10 62 —7-4 

a Ganis Minoris (Procyon), 5 34 7 — 8 "9 

fi Geminorum (Pollux), 28 20 67 -- 8 "3 

a Leonis (Regulus), 12 37 32 -- 17 '4 

o UrsfiB Majoris, 62 28 44 — 19 '4 

V UrsaB Majoris, ^ 69 17 —18 1 

a Bootis (Arcturus), 19 63 12 — 18 "9 

o Ophiuchi, 12 39 39 — 2 "9 

o LyrsB (Vessel 38 39 36 +31 

a AquilsB (Altair), 8 30 51 +9*2 

e Cygni, 44 47 68 +12 7 

a Pegasi (Markab), 14 28 46'5 + 19 '3 

SOUTHERN HEMISPHERE. . 

Stib. South Declination. Bate of Annual Yariatioa 

>8 Orionis (Rigel), 8° 21' 38" — 4"-5 

o ColumbsB 34 8 61 — 2 -2 

a ATgds (Canopus), 62 37 23 + 1 *8 

a Canis M^jons (Sinus), 16 32 1 +4-6 

a HydrsB, 8 4 31 +15-4 

fi Argfls, 68 68 29 +18 7 

a Crucis, , 62 20 68-5 + 19 "9 

• Virginis(Spica), 10 27 21 + 18 "9 

a Centauri, 60 16 24 + 16 t) 

a Scorpii (Antares), 26 7 46 +8-4 

a Trianguii Australis, 68 46 27 + 7 '4 

a Pavonis 67 9 ^ —111 

a Gruis, 47 36 46 — 17 12 

a Piflci8Au8tralis(Fomalhaut),... 30 20 13 — 19*0 

t The polar diitance is the complement of the declination. 
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ai^e offMsite the side r e pr eawitiiig the polar distance. The 
4izimYith of the station-line is then to be found as in Method IIL 

Y. Ap p ro xit mOe Jieikod hy obsenring certain 

Si&rg. — ^Li the northern hemisjdieie a meridian- ^ 

line maj be fixed approximatelj hy observing, } 

^th the aid o£ a plamb-Hne^ the instant when { 

the Pble-stur A, and the staur Alu)ih (« XJrss | 

MajoiisX ai^pear in the same vertical plane. The | 

Pole-star is marked A in fig. 36. i ^ 

8. Angte iii w uf Tw McBMiM fc — ^Whentwo !^ ^ 

pomts on the earth's sorfiu» have the same -^ f $ 

latitude, but di£ferent longitudes, the horizontal ^ ^ 

angle made bj their meii(£uis with each other is ^^ i?* sa 

found bj the following equation : — *' ' 

dn ^^ horizontal an^e = sin -s difference of long, x sin * lat 



9. Atfwiifi KciirmctiMi. — ^The conection for refraction is 
always to be subtracted from an altitude. It may be found in 
seconds approximately by the following formula: — 

Befraction = oS" x cotan apparent altitude. 

For more exact information on the subject, see a paper by the 
Bev. Dr. Eobinson in the TransaeUons of the Royal Inak Aeademy, 
voL xix. Tables of Refraction are given in treatises on Naviga- 
tion, such as Raper*s. 

Below about 8° or lO"* of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. i»iip m€ the SM^Hwiasa, in seconds = J (height of station in 
feet) X bV% nearly. 

11. T* fl«4 the I.atitH«e •f « Place. 

Method I. By the Mean AUUtuIe of a CircumpolarStar. — ^Take 
the altitudes of a drcumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants when 
the altitude is greatest and least). From each of those apparent 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Stoflr. — Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zemiih distance. Find the declination of the 
star from the NavJtical Almanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator. 

Latitude s Zenith distance + Declination ; (1.) 
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Ifihb sUr IB between the equator and the horizon, 

Latitude s Zenith distance — Declination; (2.) 

If the atar is between the aenith and the elevated pole, 

Latitnde ^ Declination — Zenith distance ; (3.) 

If the star is between the elevated pole and the horizon, 
Latitade =r 180** — Declination — Zenith distance; •••(4) 

Mbxhob in. By the Sun^s Meridian Altitude. — In this method 
the final ealcnlation, firom the sun*8 declination, as found in the 
Nautical Ahnancus, and the true altitude of his centre, is the same 
as in Method II. But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding the sun's semidiameter, according as his upper or lower 
limb has been observed, and by adding the sun*s parallax, being 
the angle subtended at l^e sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
p>T^11ft.-r on the day of observation, from the Nautical Almanac^ and 
multiply it by the cosine of the altitude of the sun's centra 

(The mean value of the sun's horizontal parallax is about 8" '6). 

The aun's semidiameter on the day of observation is to be found 
in the Ifauiical Almanac. It varies from 15' 46" to 16' 18". 

The calculation may be thus set down algebraically — 

( True altitude ^ apparent altitude — Dip (if the sea- \ 
J horizon has be^ observed) — Kefraction =±z sun's > (5.) 
( semidiameter + parallax;... j 

Zenith distance = 90° — true altitude, (6.) 

Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionally applicable between the tropics; and 
Equation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. Th0 Diffcnace •f l<atmde of two stations near each other 
is best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star as seen from the two 
stations. 

13. Tm Metumre a Base-Ijine for a Surrer Approxlmatelr* hj 
lAtttadear— The stations for the two euds of the base-line shoidd be 
within sight of each other; not less than about fifty miles apart, if 
possible, and as nearly as possible in the same meridian. 
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Take the true azunuth of the base-line by Rule 7 ; and, if possible, 
take it fi*om both stations, and take the mean of the results, which 
will be slightly different. 

Take the latitudes of both stations by Kule 11, and the difference 
of their latitudes by Rule 12. The difference should be taken with 
I lie utmost possible precision; the absolute latitudes need not be 
tletermined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide by 
the cosine) of the azimuth; reduce the angle so found to minut^ 
and decimal fractions of a minute ; multiply it by the length cor- 
i*esponding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ) ; the product will be the required length 
of base, correct to about one-6,000th part of itself. 

Example. — Suppose the data to be as follows : — 

Mean azimuth, 30® 

Mean latitude, 60* 

Difference of latitude, 50' 

Then,— 

Difference of latitude _ 50' ^ K7'.7^r 

cos azimuth "" '86603 " 

X Length corresponding to one minute,") 
as already computed in Example 1 oH 6,094 feet. 

Rule 6, 3 

Length of base required, 351,837 feet. 

"Which is correct to the nearest 60 feet, or thereabouts. 

14. T* Reduce an EleTated or l>epreMed Baae !• the Iierd 
•f the fiea. — Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
ludius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed. (Earth's mean 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metrea) 



gCALB FOR PLANS AND SECTIONS. 



125 



SxcnoN n. — Scales for Flans and S£ctio2)& 
1. Plans. 




(1.) linditoamilei... 

(3.) 4 inehes to a mile,. 
(3.) 6 inches to a mik^ 



(4.) 6*336 inches to a mile, . . 
(&)400liBettoaninch, 



(6.) 6 chains to an inch, . 



(7.) 15*84 inches to a mile, . . 

(8.) 6 chains to an inch, or ) 
16 inches to a ndle, ) 



(9.) 25*344 mches to a mile, 



(10.) 200 feet ts in inch,.. 



63,360 

1 
15,840 

1 

10,560 



10,U00 

1 
4.800 



1 
2,500 



1 
2,400 



Scale of the smaller ordnance maps of 
I5ritain. This scale is well adapted 
for maps to be used in exploring the 
country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scale of the larger ordnance maps of 
Great Britain and Ireland. This 
scale, being just large enough to 
show buildings, roads, and other 
important objects distinctly in their 
tme forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines (br engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing the same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for ** en- 
larged plans" of buildings and of 
land within the curtilage of buildings. 

Scale answering the same purpose. 

Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 
larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for "cross 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps beforementioned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law for 
land or contract plans in Ireland. 
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SDLEs IS nraiHKKimro geodbsi'. 



OrdinaBTDesigiULtioD 


Frsetioiior 

real 
Diinen8ioo& 


Usa 


(11.) 8 ohains toanindi, 

(12.) 100 feet toanindi, 

(18.)88feettoan indi, or) 
60indieBtoaniiIe,{ 

(14.) 63*86 indMS to a mOe^... 

(18.) 44 feet to an ind^ or) 
120 indies to a mile,} 

(16.) 126*72 indies to a mile, 

(17.) 80 feet to an indi, 

(18.) 20 feet to an ind^ 

(18.) 10 feet to an indi, 

4e. 


1 
2,376 

1 
1,200 

1 
1,066 

1 
1,000 

1 

828 

1 
500 

1 
860 

1 
240 

1 
120 


Snited for the same pnrpoees as the 
above. 

Scale suited for plans of towns, when 
not veiy intricate. 

Scale of ordnance plans of the less in- 
tricately built towns. 

Dedmal Scale hayhig the same pro- 
perties. 

Scale of ordnance plans of the mors 
intricately built towns. 

Dedmal scale htmiig the same pro- 
perties. 

Scales for special pnrposeiL 



2. Sections. 



OrxliiMTT IV«isn»tioQ 



(1.) 100 fetttoan indi. 



i2.)40feettoanind^ 



(SOSOfeettoaninch^ 
(40 80 feet to an inch. 



FractiQii 
of i««l 
Height 



1.200 



1 

4S0 



1 

860 

1 
'240 



Horiaootal ScaleB 
witii which tiie 
Vertical Scale is 
oomtained. 



rto 



15,840 10,560 



-to- 



4,800 8,860 



-to- 



8,960 ^ 2,876 
1.1 



-to- 



8,960 2,376 



geration. 



From 
13*2 to 8*8 



10 to 8*25 



11 to 6*6 



16*5 to 9-9 



Usa 



Smallest scale permit- 
ted by the standing 
ordersof parliament 
for sections of pro- 
posed works. 

SmaDestscak permit- 
ted by the standing 
OTders of parliament 
for cross sectioos, 
showing alterations 
ofroadflL 

Scales suitable for 
working sections. 
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Yertical sections, on a large scale f say j^ or jarUf »^<^ «^*" 
mU wBOffgemAm, are required at the sites of special works. 

Bxcnos TTT. — ^Rules belatino to SuBVETiNa 



1. C^mimimti mm a W^eUwttf—nmdmeUmm f the I^ereL — Tho 
correction is always to be sabtracted from the distance as mea- 
sured* 

When the angle of inclination has been measured by a " clino- 
meter" or other angular instrument: — Correction in links per 
diain = 100 x versed sine of inclination. 

When ihevertical &11 in linksfor each chain of distance on the slope 

is known : — Correction in links per chain = 100 - ^^10,000 - fidR 

fall^ 
When the slope is gentle : — Correction in links per chain = -^rrr^ 

nearly. 

1a. KxpuMton •r McMnrfaic wu4m wmd Chaias.— Increase of length 
by an elevation of temperature of 100° Cent. = 180° Fahr. : — brass, 
0-00216; bronze, 0-00181; copper, 000184; wrought iron and 
steel, 0-0012; cast iron, 0-0011; platinum, 0-0009; glass, 00009; 
dry deal, 0-00043. 

2. T* Set Oat « Rlglit AiMle hj the CImiii. — ChoOSe any two 
numbers; take the sum of their squares, the difference of their 
squares, and twice their product; those three numbers will be pro- 
portional — ^the first to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which is to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuse, 2^ + 1^ 
= 5; legs, 22-1 = 3, and 2x2x1 = 4. Thisisthe 
most generaUy useM right-angled triangle. Other 
examples: 13, 12, 5; 25, 24, 7; 17, 15, 8; 29, 21,b^..^I^ 

20; Aa \ l^^o 

3. Tie-liine. — In a chained triangle, A B C, fig. \ ' / 
37, to find the length of a tie-line, AD. By calcu- \ I / 
lation, \ I / 

or by construction, draw the triangle and measure j.. «« 
A D on paper. The measurement of A D on the ^' 

ground is a check on the accuracy of the measurement of A B. 
BC,CA. 



128 BULES IK ENOINEEBIK6 GEODESY. 

4. T* HeaMne Gaps im 8tali*n-I*iMcs hj the ClMia mImm. 

Case I. — When tfie obstacle can be chained round. 
KuLE I. (see fig. 37.) — A and D being macks in the station- 
line at the nearer and farther sides of the o^tacle, set out a triangle, 
A B C, of any form and size that will convenientlj enclose the 
obstacle, subject only to the conditions, that B and C 
are to be ranged in one straight line with D, and that 
the angles at B and C are neither to be very acato 
nor very obtuse. Measure with the chain the lengths 
^p" AB, AC, BD, DC, and find the length of AD asa 

I tie-line (Article 3.) 

I EuLE IL (see fig. 38.) — Let A and D be marks at the 

* '-^ nearer and further sides of the obstacle respectively. 

T Range A B, D C at right angles to the station-line; 

f^ make those perpendiculars equal to each other, and of 

Fig. 88. ^^7 length that may be requisite in order to cludn past 

the obstacle along B C, which will be parallel and equal 

to A D, the distance required. 

Rule III. (see fig. 39.) — ^Let b and e be 

^ I points in the station-line at the nearer and 

;^^Jc 31'' fiM^her side of the obstacle respectively. From 

\ ifv. A .^^''" * convenient station. A, chain the lines A 6, 

I j V/*>^^ * A c, being two sides of the triangle A 6 e: 

i^^V^ ^^""^i connect those lines by a line, BC, in any 

B'^ji c" position which will form a well-conditioned 

I triangle, ABC, of as large a size as is 

Iff practicable : measure its three sides. Then 

Fig. 89. the inaccessible distance is given by the 

formula, 

7. ./Tai.2 A^ (A6 + Ac)2-(A6-Ac)2 
^^"V{^^-*'^^" (AB-fAC)^^(AB-AC)^ ' 

(AB2 + AC2 - BC2).l 

The same formula applies to such positions of the connecting line 
as B' C and B" C" as well as to BC. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 5 and A c, the triangles ABC and Abe become 
similar, BC is parallel to &c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 

Case II. — When it is impossible to chain round the obstade. 
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Fig. 40. 



BuLE lY. (see fig. 40.)— Let 6 and c be marks 
in the station-line at the nearer and further side 
of the gap respectiyely. On the nearer side of the 
•bstade, range the stations A and B in a straight ^ 
fine with Cy malring the angle 6 e B greater than 
SO", and phuse them so that the intersecting lines 
Aiy Ba, connecting them with two points, a and ; 
1^ m the station-line, shall form a pair of triangles, 
•iO, ABC, with no angle less than 30''. Mea- 
me the sides of those triangles, and compute the « 
inaocessible distance & c as follows: 

a6-A6'BC 
*^-CAaB-.A6BC 
As a check upon the position thus found for the point c, com- 
pute also the inaccessible distance B c as follows : 

ABaB'ftC 

This problem is solved graphically by plotting the figure ah 
e A B C o^ and producing a b and A B till they intei-sect in c. 
Bulb Y. (see fig. 41.)— When the inaccessible 
BD does not much exceed three or four 
At B set out BC perpendicular to the 
itition-line, and of a length such as to make the 
m^ at D not less than 30''. At C range CA 
perpendicular to D, cutting the station-line in A 
Heasare A B, B C ; then 

BC2 



BD = 



AB- 




Fig. 41. 

When anguUvr inOrumenis are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5, BEcimirtec Anmm •£ !:««■«. — ^Almost all areas of land are made 
up of parallelograms, trapezoids, and triangles (see Bules at page 
63), with the addition or subtraction of strips contained between 
rtnight station-lines and irregular boundaries (see Bules for " Any 
Plane Area/' pp. 64 to 67.) For Land Measures, see p. 95. 

6. ReAveacM to Rale* •€ TrtgoKometrr. — The following are the 
rules of trigonometry chiefly nsed in surveying by angles : — 

For Plane Triangles; 1, 2, page 53 ; and sometimes 3 and 4, 

pp. 53, 54 ; and 6, page 55, 
For Triangles so large as So be sensibly spherical; the rule for 

spherical excess, page 55; and the approximate rules, 

page 58. 
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The three angles of eyery triangle should be measuredy if possihley 
as a check upon accuracy. 

7. Redaction •£ AmsIc* m the Cealie •£ the BfU— . When tl» 

theodolite cannot be planted exactly at a 
station in a trigonometrical surveyy bqt 
has to be placed at a short distance to ost 
side of it,- the angle actually meamxnd 
between two objects is reduced to the aodb 
which would have been measured had «e 
theodolite been exactly at the station, by a 
correction which is calculated aj^woxi- 
Tig 42 V mately as follows : — 

In fig. 42, let C be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
zontal angle between them as measured at D; A B the required . 
horizontal angle at the station C. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A C B were equal to A D B; then 

ACB = ADB-206264'.8CD{?i5^_«2|»O| 

The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
B, sin B D C changes its sign; when to the left of C A, fiin 
ADC changes its sign. 

8. Reduction of Sextant-Angles to the Iierel. — To find with a 
reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
i::enith distance of each object by subtiucting its altitude from, or 
adding its depression to, 90°. 

In ^g, 43, let O represent the observer's station; O B, O C the 
^ directions of the objects; B O C the angle between 

them; O D E a horizontal plane; DOB and EOC 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and A C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
to the angle A, may be computed by the proper formula. (See 
jage 57.) 
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■S atii ajmi. In fig. 44 Jet D be the station 

: sfloAt whoae pontion is to be determined; and A, B, C, thrai 
j known fixed objects, or landmarks, which 
I onght not to be in or near the dreumferenoe 

of ana circle teaversing IX With a sextant 
' (or, better still, with two sextants) measure 

thsan^cBADB^BDC; if practicable also, 

with a third sextant, measure the angle 

AD O = AD B + BD C, as a check on the 

socoraoj of those an^es. Then to plot the 

position of D, let A, B^ and C be shown on 

the pkn. From A draw A E, making the 

SDffle A £ » C D B: from C draw E, 

msking the an^e A £ = A D B, and cutting A E in E : 

ifaroagih the three points A, C, £ describe a circle : through £ 

snd B draw a straight line cutting the circle in D ; D will be the 

required station on the plan. 
Or otherwiaey — On a piece of tracing paper draw three straight 

lines radiating from one point, so as to make with each other 

angles equal to A D B and B D C. Lay it on the plan, and 

shSt it about till the three lines traverse A, B, and respectively; 

the point from which they diverge being pricked through on the 

plan, will give the position of D. 
In the instrument caUed the atcUionrpointer, three straight arms 

taming about one centre, and set to make any given angles with 

each other by means of a graduated arc, answer the purpose of the 

three lines on the tracing paper. 

SiGmoN lY. — ^BuLES BELATmo TO Levellino and Qommma. 



1. CJMicctlMi i4MP c^nrrataro ■■« VefWictiaa. — ^The correction for 
the earth's curvature, to be sitbtracted from the reading of a 
kveDing-fltaff, is found as follows : Divide the square of the dis- 
tance from the level to the staff by the earth's diameter (41,800,000 
feet nearly, or 12,740,000 metres nearly). 

Or aihenmge, — Take two-thirds of the square of the distance in 
statute miles for the correction in feet 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On an average it may be taken at one- 
tiaih of the correction for curvature. 

Correction for curvature and refraction combined, to be subtracted 
from the reading on the staf^ — average value about 

ss- -_- = 0-56 foot X (distance in statute miles)*. 

6 Earth's diam. ^ ' 

2. x«0veliii4( 1^ Aai^Hb — ^This process is approximate only. 
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Sui2 L — ¥ind ihe distanoe between the two objects whoae 
differen ce of lerd is required. 

Mensore the aii^e of altitade of the hi^er object as seen from 
the lower, and (at the same instant^ if possible) the angle of depres- 
sion of the lowor object as seen firom the hi^er. (These are cadled 
Td dp roeal amglm,) Take the half smn of those angles, and by its 
tangent mnhipfy the hmiaontal distance between the objects : the 
product wiU be thdr diffiapence of level 

Rule IL — ^When one angle mdj can be taken, it must be cor- 
rected £oit cnrvrntore and refection. The correction for curvature 
to be added to ahifcudes and subtracted from depressions is ona- 
half nf ike eomtam&d are; which caniamed arc is computed, in 
minutes, by dividing the horiaontal distance, if in feet, by 6,076, or, 
if in metres, by 1,85S. The correction for refiraction is uncertain ; 
but on an avenge it may be allowed for by diminishing the correc- 
tion for curvature hjcme-Mxik of its amount. 



S. liiinjlwa kj tite ■msiumu (Approximate only). — Let the 
quantities observed be denoted as follows : — 

TemperatoTM of tbe 
Mercury, by Air, hf 



StMauL oniatcnrial 



Higher, h i t' 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Eahrenheit's scale, 

« 60360 |log.H-log.A--<)()()044(T-o}(l + — 98^^ 
and for metres and the Centigrade scale, 

= 18400{log.H — log.A-^-00008(T — o}(l+^^j/). 

Common logarithms are used in both formulse. (See page 303.) 

In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows : — 

-, . /- T — < (Fahr.)\ . /, T — < (Cent)\ ,^ 
^-n^^ 10000 >^'(1^ 5550 j^^"'^ 
difference of level for feet and Fahrenheit's scale, 

= 52428 3^-^,(1 + _5gg—); 

and for metres and the Centigrade scale, 
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4. I^eralliBB kj tke »#nhig pmimi •f Para Waters — Let boiling- 

point = T. Galcolate z as follows : for feet and FahreDheit's scale, 
«=517 (212« — T) + (212« — T)«; 

or for metres and the centigrade scale, 

« = 284 (100* — T) + (100*» — T)«; 

the difference of the values of z at two stations will be their 
diffisrenoe of level, nearly. 

5. WLmdwuOmm •£ SaandUa^i. — Take the difference between each 
KNUiding and the height of the sur£Eu;e of the water above the 
dafcam of the survey at the instant when the sounding was made, 
as found by a tide r^^ister. According as the sounding is the 

{«^},iJu.tdifferencei«the{J^^4ofthebottom{J^-} 

ihedatuuL 

In the absence of direct observations of the tide, the height of 
the sur&ce of the water above the datum may be calculated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
&11 of the tide, and multiply the quotient by 180^; this gives the 
tidal angle. Multiply the cosine of the tidal angle by half the 

total rise of the tide; **^® P«>diict is to be / ^^^^*^^ I the 

height of the mean tide-level above the datum, according as the 

tidal angle is | ^^^ }. (See page 53, line 2.) 

Duration of the rise or fall of tide on an open coast, about 6h. 
12in. In narrow channels l^e duration of the rise is less, and that 
of the £b11 greater. 

SscrnoN Y. — ^Rules belatinq to Settinq Out. 



1. BtUlmg Oat Ceatre Iilam •f Ballwaj Carve*. 

Rule I. (see fig. 45>— To 
find the radius of a circular ^^^ 

arc which shall touch succes- 
sively three given straight lines, 
BD, D E, EC. Measure the 
middle straight line D E, and 
Ihe acute angles at D and K 
'Om Kg. 46. 




Radius=DE^(tan^ + tan|^. 



IM 



DB=DF=n£]Bxtea^; £F=£G=ndiii8xtan^. 



Bcix DX— To odcukiie «i« leag^ of «i« arcs BF and Fa 

B F = ladiiB X cireiilu' ■feOHBore of D. 
F O = ndios X droolar measore of £. 
(Cocolar maamn^mo^ in ramnies x 00003909 
=aii§^ in degieeB x 0017455; 
■M abo pages 39 and 41.) 

Buix lY. — ^To cailcalate the angjb adbtended at any station in 
tlie ciiciinifezenoe of a eiide bj an aic of that ciide of a givQB 
length; divide the length of the aic by the radios, and nraltipty 
the qnotient by 1718^3; the product -will be the angle at tM 
circomference in minutes : or, otiierwise, convert the quotient into 
minutes of angle at the centre, by TaUe 4 E^ page 39, and divide 
by 2 for the an£^ at the circum£»enoe. 

K the station is at one end of the arc, the an^ in quieBtion is 
that between the tangent and the ch(»d <^ the ara 

Bulb Y. — To calwilate approximately the chord of an are of a 

given length in a cirdb of a 
given radius; from the length 
of the arc subtract the cube 
of that length, divided by 34 
times the square of the radius. 
Rule VL — To set out a 

/L//^ circular curve of a given 

^/^ radius touching two given 

-'^^ straight lines in given point% 

B, C, fig. 46. 

It is convenient (though not 
Pig. 4^ always necessaiy) to find the 

middle point of the curve. 
Por that purpose, range, by means of the theodolite, the line A D 
biMOoting the angle at A, where the tangents intersect; and lay off 
tl&o Uiiitanoe,— i 




AD = r*fcoseo-^— Ij; 



Kim\ will T> \» the middle point of the curve. 

Th0 iH^uta B and C (and also D, if marked^ should be maiked 
Iw MUkt«. distiQguiahed in some way from the ordinary stains, 
whioh >M^ drivt^n all along the centre line of the proposed railway 
al> tH)\ml iiUiaucM «f oda ohaiAi or 100 feet^ or soma other uniform 
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Anj one of the points B, 0, or D will answer as a station for 
the theodolite in ranging the carve. When the length of the oorve 
exceeds about half a mile, the middle point, D, is the best station 
as regards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencement, lb : — 

For brevity's sake, the distance between the stakes which mark 
the centre line of the proposed railway will bo called " a chain,** 
idiether it is 66 feet, 100 feet, or a greater distance. 

Let o, in fig. 46, represent the last stake in the portion of the 
stiaaght line immediately preceding the curve; the distance B 1 
from the commencement of the curve to the first stake in it will be 
the difference between one chain and o B. The angle at the cir^ 
comference subtended by the arc B 1 having been calculated by 
Bole rV., is to be laid off by the theodolite from the tangent 
B A, the zero-point of azimuth being directed towards A. The 
line of collimation will then point in the proper direction for 
ihe first stake in the curve, 1 ; and its proper distance from B 
being kdd off by means of the chain, its position will be deter- 
mined at once. 

The angles at the drcumferenoe subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, d^, being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper dirtetions for the ensuing stakes, 2, 3, 4, <bc., which are 
at the same time to be placed successively at uniform distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
CKose any perceptible error in practice, even in a very long 
distance; but should curves occur of unusually short radii, calcu- 
late the proper chord by Bule Y., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the theodolite at D, or at any 
other intermediate point in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in fig. 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and C, any stake which has 
already been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of ofisets, for which see page 137. 
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BuLE VII. (see ^g, 47). — To set out a circular curve of a given 
radius^ r, touching two given straight lines, A B, A C, when the 
^ point of intersection of those lines, A, is 

/\ inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the two 
tangents. The position of the trcmsvenal 
D E is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
Fiff 47 ^ curve in two points, which may be deter- 

^* ' mined, and used as theodolite stations. 

Measure the angles A D E, A E D, which may be denoted by 
D and E. Then the angle at A is 

A = 180° - D - E; 

. ^ ^ -r^ sin E » ^ ^ „ sin D 
AD = DE- v-^; AE = DE- .— ; 
sin A smA' 

A A 

DB = r-cotan-2 -AD; EC = r -cotan-^- AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged from 
either of those stations as in Rule VI. 

But it is often convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations^ in mak- 
ing which a table of squares is useful (page 11) : — 

Let F be the point on the transversal, midway between H and K. 

If B D = C E, the point F is at the middle of D E. If B D and 
E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

^_, DE , BD2-CE2 ___ DE BD^-CE^. 
DF = ^- + -2 -QTE— i E^= ~2 2DE. 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

FH = FK= J(DF2-BD2)= J{EY^ -CW). 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG = r-^r2-FH2, 

The angles subtended at the centre of the curve by the seveial 
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«C8 between the commencement B and the points H, G, K, C, are 
as follows: — 

Angle Bobtended at the centre by B £[ = D — arc 'sin . 

— — — — BG = D; 

FH 

— — — — BKrsD + arc'sm : 

— — — — BC=:D + E; 

and the length of any one of those arcs may be computed by means 
ofRulellL 

Rule YIII. — To set out a circular curye touching two giyen 
straight lines, when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curye are to be determined and marked as in Eule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Rule 
Vn., and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chaining backwards from that station. 

Rui£ LjL — To set out a circular curve by offitets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 

curve; AB the prolongation of the 

straight line (being a tangent to the 

curve) ; and B the end of the chain when 

laid along that prolongation from the 

last stake in the stmight line. Plant 

a small pole at B, calculate the offset Fig. 48. 

AC^ 
BC by the formula B C = « — ^- — ; shift the end of the chain, 
•^ 2 radius' ' 

and the pole along with it, sideways from B to C, keeping the 

chain tight, and leaye the pole at C. 

Drag the chain onward in the prolongation of A C; range a 

pole at D in a straight line with A and C, and at one chain's dia- 
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tance from C; shift the pole and the end of the chain through the 

C IT • A Tl 

offset D E, calciilated by the formula, D E = -^ — ^, — . 
"^ '2 radius 

Drag the chain onward; range a pole at F in a straight line 
with C and E, and at one chain's distance from E; shift the pole 
and the end of the chain through the offset F G. calculated by the 

CE2 
formula F G = ,. ; leave the pole at G, and repeat the same 

pi'ocess for the rest of the curve. 

This method is clumsy and tedious as a means <^ ranging curves; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
fitakes to the extent of an inch or two. 

KuLE X. — To set out a circular curve by successive biseoticMis 
of arcs. 

This is a method to be used only in the absence of angokr 
instruments. It depends on the foUowlDg relation between the 
versed sine of an angle B and that of its haK: 



.|--V~ 



versm^=l-A/l_Z?E!iL5. 



To apply this principle, let 
B A, C A, in ^g 49, be the two 
tangents, and B and the ends 
of the curve, so placed that A B 
and A shall be equal, but 
leaving the radius to be found by 
^^" calculation. Measure the chord 

BC. 

To find the radius, bisect B C in E, measure A E, and make 

ABBE 




radius = 



AE 



Calculate the versed sine of the angle A B E =r B, which is that 
subtended at the centre by one-half of the curve, as follows: — 

A B - B E 



versin B = - 



AB 



and by means of the first formula of the rule (using a table of 

S D D 
€quares, if one is at hand) calculate the versed sines of •^, -j, -^^ 

^c, in succession, observing that versin B enables one intermediAte 

B B 

|)oint in the curve to be found, versin -s, ihree points, vcraiaL p 
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BBwea points; and genendly, that yeniii -^ enables 2* +^ — 1 in- 
termediate points in the curve to be found. 

From the middle;, E, of the chord B C, and perpendicular to it, 
ky off the ofibet E D s= r versin B; D will be the middle point of 
thecurve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perpendicular to them, lay off the ofiaets 

H K = I L = r versin -r; 

K and L will be points in the curve, midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by pole& 

Then chain round the curve as ranged by the poles, and drive 
sbskes at equal distances apart 

The uniformity of the curvature may be finally checked by 
BulelX. 

2. €)utt •f Balla •f a Carre. — Divide the squaro of the greatest 
ordinary speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32 ; 

For i|>eed in miles per hour and radius in feet, 15 ; 

For speed in metres per second and radius in metres, 9*8. 

Multiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 

British narrow gauge, 
British broad gauge, 
Irish gauge, . 

Half of the cant should be given by raising the outer rail above the 
level of the centre line, and half by depressing the inner raiL 
Examples of cant in feet for 40 miles an hour: — 



Ft 


la. UetTM. 


4 


8^ = 1-435 


7 


= 2134 


5 


3 = 1-600 



Ft 

4 8^ ... 500 -h radius in feet 

5 3 ,•• 560 -r radius in feet 
7 ... 747 -i- radius in feet 

Additional cant for cylindrical wheels at speeds not exceeding 12 
mileB an hour, 600 feet -^ radius in feet 

8. «• Xmb Chmgcs af Corrannre (Froud^S Method). 

Begin by ranging the centre line as a series of straight lines and 
ciicular axes, by the rules of Article 1 of this Section. Oalculate 
the cant of each curve by the rule of Article 2. 
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Rule I. — Compute the several changes of cant at the junctions 
of curves with straight lines and with each other, observing that 
the change of cant between a straight line and a curve is simply 
the cant of the curve ; that if two adjacent curves are curved in 
the same direction, the change is the difference of cant; and that if 
they are curved in reverse d&ections, the change is the sum of the 
two cants. 

Multiply the greatest change of cant by 300; the product will be 
the length of the curve of adjtistment, 

KuLE II. — Compute, for each circular arc of the series, the shift 
as follows : — 

Shift = (length of curve of adjustment)' -f- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
•the distance computed by the above formula. For es^onple, in 
fig. 50, let A £, £ C be a pair of consecutive circular arcs, marked 




Fig. 60. 



by poldS, and joining each other at their point of contact, B. Let 
B E, B F be the shyfts proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D E, F G, 
having a gap between them at E F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

BuLE III. — Set out the " curve of adjustment " I H K as follows : — 
For its middle point bisect the gap E F in H. For its ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Bule I. For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles &om a series of points in the circular arc K F, proportioDal 
to the cubes of the distances from K. 

Let a denote the length I K of the curve of adjustment; 
h, the gap E F, or sum of the shifts; 
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m, the distance, measured on the circular arc, of uuy point 
from I or from K, as the case may be; 
the ordinate; then 

46a:» 

EzAXPLK. — ^A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet -?- 1,320 = -3788 foot; 
Length of curve of adjustment, a = -3788 x 300 = 113*6 feet; 
aift for circular arc = (113-6)2 ^ 24 x 1,320 = -407 foot; 
(As the arc is to join a straight line, this is also = the gap 6.) 

A y .407 flJ 

FOTmulafor ordinates, y = 3 - = 000,001,11 a^. 

Bulb IY. — ^To connect a circular arc and a straight line, or two 
circular arcs, which do not touch or cut each other, by means of a 
enrve of adjustment. Fig. 50 illustrates the case where two arcs 
curved in reverse directions are to be connected; fig. 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by iii-st finding 
two pairs of points at which the 
lines to be connected are at equal 
distances a^tart; the pair of points 
required will be midway between 
those two pairs of points. Let £ 
and F be the pair of points thus 
£rand; measure the gap E F, then ^' * 

calculate the half-length of the curve of adjustment by means of the 
following formula, in which r and r' denote the radii of the arcs to 
be connected: — 

EI=FK=y {6EF^Q±J)); 

the si^ + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 h- r' is to be made = 0; so that the 
fennula becomes 

EI = FK= V6EF-r. 

The curve of adjustment is now to be set out by ordinates, as in 
BulellL 

^ SraUMi •f F»wa— •f » BaUwBj. — The following are ex- 
amples: — 
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SeHKS XiXK. ^^^^ 

VI 1^ VI Si. 

ClBvmMeoKtaideofTafl, 40 40 

Beadctnil, o 24 o 2f 

GoR. 4 ^ 

Hndofnil, o 24 




o 24 



of nil, — 40 40 



( for aickwa^a^ ^ 13 14 13 8 
4c^ tnTcned hr die nahraj,. 
Sptton for sknes of baDsafe^ 



rckW^a^V 13 14 13 
IT „.. ) 

~"^| to 8io4i 



Total Iwadti^ of top of cBbank* ) £rom 17 o ( 



DocBLE LcnL ^S^I^ ^J* 



hankinfinti, . 



ksi aiid( 



to S 9 



BtmmI 


Gauge. 


Ft 


i& 


4 








2i 


7 








24 


4 





15 


5 


9 


2 



1 to 22 o{ •* '_ 



TL In. Ft In. Ft In. 

dear 8nKeoa[tsaie<^ nil, ^ ... 40 40 40 

Heftdofnil,.^ o 24 o 24 o 24 

G«m^ 4 84 53 70 

H€mL<^ nil,. ......... ... ...... o 24 o 24 o 24 

Middle sfMKseicaOed the "atT^**) 60 60 60 

Headed nil, ...... o 24 o 24 o 24 

G«i«........ 4 H 5 3 70 

Heed <H nil, .... o 24 o 24 o 24 

deer space outside of nil, 40 40 40 

Least breoMlth of top of InDast; and) 

least width admissible for archways, > 24 3 25 4 28 10 

&C., tnTersed by the railway, ) 

:$paices fioc slopes of ballast Mid ( ^^ . 

troiches beyond than, en en- \ ^ lot 4^ 9^ 



Total breadth <^ top of embank- ) firom 28 o ) ^^ ^ «q ^ 

ments, !! | to 33 o{ 30 o 38 o 

Additional width at bottoms of cuttings, from to 9 feet 

Arches over the railway are seldom made of the minimnm spans 
shown by the fbn^^oing tables, except in the case of tonnelsL Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a doable line, from 28 to 30 feet. 

5, Bre««ike •T siepea •f Kwrthw^rik. — Let h denote the oentrsl 
depth of the piece of earthwork, whether cutting or embankiDflnt; 

b, the half-breadth of its ba^, or formation; 
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9, tbe zmte of dope of the earthwork; that is, « horizontal to 1 

vertical; 
Ty the rate of sidelong slope of the natural ground, if any; 

that is, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork. 

Cask L — In ground level across, B = « A. 

Cjjse IL — ^In ground that slopes away from the base. 



r - « \ r/ 



Case IIL — ^In ground that slopes towards the base, but without 
intersecting it; 

r + 8 \ rt 

Case IY. — ^In ground that intersects the base between the centre 
line and the edge of the earthworic, 



»=r^.e-4 



Section YI. — Bules relatinq to Mensuration of Eabth 

WORK. 

1. SecttoBal Areas •f Eutliw«rk. — Figs. 52, 53, and 54 repre- 




K 

Fig. 62, Fig. 68. 

sent examples of crpss-sediona of pieces of earthwork, in each of 
vhich D E is the base, A B the 
natural surface, and D A and E B 
are the slope& 

Figs. 52 and 53 represent cut- 
tings; to represent embankments, 
conceive them to be turned upside 
down. 

Fig. 54 represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q I) A, in embankment. 

The following are the symbols U9ed in the rules; — 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 

Slope of the earthwork, a (horizontal) to 1 (vertical). 

Half-breadth of base, D F = F E = 6. 

Central depth, C F = h. 

Area of cross-section, A. 

In many measurements of earthwork having sections such as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = A +— =:A:. 

To find k by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surfiEU)e of 
the ground will be augmented depths. 

HuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = «A:2 

Or otherwise, — 

KxtleIa. 

A = rectangle D G H E + 2 triangle A D G = 2 6 A -i- » A*. 

BuLE II.— AVlien the ground has an uniform sidelong slope, not 
intersecting the base, as in fig. 53, 

A = triangle A B K - triangle D E K — J J g * ^ - ~- 

BxTLE m. — ^To find the augmented depth in ground level acroas, 
of a cross-section of earthwork equal to a given cross-section in side- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in ^g, 53, parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

^'=: V(KM-KP); 
and the area may be found by Rule I., as follows : — 
&2 62 

A = «A:^-.- = «-KMKP--. 

8 8 

BuLE rV. — ^When the ground has a sidelong slope intersecting 
the base at Q, in ^g, 54. Let A' be the larger and A" the smaller 
division of the cross-section. 

A- = triangle Q E B = l^tZ^; 
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A" = triangle Q J)A=:^^^P^^l 

1 Tthammm w QwmmtHimm •f Earthwork. — BULE I. — ^Whcn a 
nries of equidistant cross-sections are given, see p. 72, Article 5; 
ibo the roles there referred to, A, B, C, pages 64 to 66. 

Bulb IL — ^When the piece of earthwork to bo measured is a 
^priamoidy'' as shown in page 74, fig. 12, use the rule given in 
tint page below the figure. 

The most simple algebraical expression of that rule, as applied to 
iie present case, is as follows : — ^The prismoidal piece of earth to 
tie measured is to be considered as formed by a wedge of a cross- 
ttetion such as A B K in fig. 52 or fig. 53, from which is taken 
twiy a wedge of uniform cross-section such as D £ K. 

Let X denote the length of the piece of earth; k. and Atj, the 
nhes of the ofuffmenied depth C K at its two ends ; then. 

Volume = «{g^;^-(A! + (A, + k,f + ^)-^} 

The last formula is specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becomes simply = a 

The quantity in brackets by which the length x is multiplied is 
ikd mean aecUonal area. 

If the measurements are in feet, the preceding rules give 
quantities in cubic feet. To reduce these to cubic yards divide 
hy3» = 27. 

Bole III. — ^When earthwork on sidelong ground occurs on a 
Aaip cnrva By the rules of pages 142, 143, calculate the half- 
hreadths (A L, B N, fig. 53) required for the two slopes; take 
tiieir difference, and divide it l^ three times the radius of the curve ; 
the quotient is to be added to or subtracted from 1, according as 
the greater half-breadth lies from or towards the centre of the 
curve. The result will be a factor by which the area A B K in 
fig. 53— that is, the first of the two terms of the formula in Bule II., 
page 144 — ^is to be multiplied. From the product subtract the area 
1) £ K; the remainder wiU be an area modified for curvature; 
then proceed as in Bule L of this Article. 



146 



PART IV. 

BTJLES AJS1> TABLES RELATING TO DISTBIBUTBD : 
POECES Am) MECHANICAL CENTRES. ' 

•i 

1. Qpeciflc caamrttj (as stated at page 102) is the ratio of the ' 
weiglit of a given bulk of a given substance to the we^t of ih$ ^ 
same bulk of pure water at a standard temperature. Li Bntem i< 
the standard temperature is 62° Fahr. r=: 16*''67 Cent. In Eoout k 
it is the temperature of the maximum density of -water ss 8^*94 ji 
Cent. = 39°-l Fahr. j 

In rising from 39°'l Fahr. to 62° Fahr., pure water expands in ^\ 
the ratio of 1*001118 to 1; but that difference is of no ooniequeiioe '< 
in calculations of specific gravity for engineering purpose& < 

BuLE I. — ^To find the specific gravity of a solid body. that it ( 
heavier than water approximately, by experiment. Weigh it in ^ 
air, and again weigh it immersed in pure water. Divide tbe 
weight in air by the loss of weight when immersed (or bmoymf^); 
the quotient will be the specific gravity. 

KuLE II. — ^When the body is lighter than water, ireig^ it in fi 
air; then load it with a piece of a substance heavier tliaa water, 
and large enough to make the light body sink, and wei^ tkem in 
water together. Also weigh the heavy body separately, in air and 
in water. Subtract the buoyancy of the heavy body ftom the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as before. 

BuiiE in. — ^To find approximately the spedfic gisviiy dT ft 
liquid; weigh some convenient solid body in air, in piBeeimtary 
and in the given liquid; divide the buoyancy or loss of wo^Uk kk 
the given liquid by the buoyancy in water; the quotient will %e 
the required specific gravity. 

BuLE lY. — To find approximately the qiecifie gravity of ft flolii \ 
body that is soluble in water; ascertain its buoyancy in aome liqnd \ 
which does not dissolve it, and whose specific gravity is hosm; \ 
divide the weight in air by the buoyancy m that Hqniid^ od 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinMrj 
practical purposes the error so occasioned is immaterial. 
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2. The M — f lag— of any sabstaDoe (as stated at page 102) is the 
weight of an unit of Toluine of it in units of weight 

In British measuzes heaviness is most convenientlj expressed in 
lbs. avoirdupoia to the cubic foot; in French measures, in kUo- 
grammea to the cubic decimetre. 

BxTLB Y. — Given, the specific gravity of a substance; to find its 
heavinen; multiply by the heaviness of water. 

(In Biitish measures 62*4 lbs. to the cubic foot is near enough 
K>r practical purposes; in French measures no calculation is 
neededy heaviness and specific gravity being identical.) 

3. The Dauttj of a substance is either the number of units of 
Non in an unit of volume (see page 104), in which case it is equal 
io the heaviness, — or the ratio of the mass of a given volume of 
lie Bubetanee to the mass of an equal volume of water, in which 
Me it is equal to the specific gravity. 

In its application to gcuea the term ^ Density** is often used to 
ienote the ratio of the heaviness of a given gas to that of air, at 
he same temperature and pressure. 

4. The itBifchmwi of a substance is the number of units of volume 
^hich an imit of weight fills; and is the reciprocal of tlie l^eavineae. 
See Table of Beciprc^aLs, page 11.) 

In British measures bulkiness is most conveniently expressed in 
iMcfiet to the lb. avoirdupois; in French measures^ in cubic ded- 
nehrea to the kilogremiTne, 

BlTUB YL — Given, the specific gravity of a substance; to find 
ts bulkiness; divide the bulkiness of pure water by the specific 
^vity of the given substance. 

(In British measures 0*01602 cubic foot of pure water to the lb. 
s near enough fi)r practical purposes; in iExench measures the 
lulkiness of pure water is 1.) 

5. SMTect •f jOflftt •■ BaiktaiCM. Rise of temperature produces 
[with certain exceptions) increase of bulkiness. 

BuiiE YIL (For perfect gases). — Given, the bulkiness of a 
perfect gas at the temperature of melting ice; to find its bulkiness 
trnder the same pressure at any other temperature; multiply by 
bhe given temperature, as reckoned from the absolyie zero (see page 
105), and divide by the absolute temperature of melting ice (274*^ 
Cent = 493^-2 Fahr.) 

Bnus YIIL (Approximate rule for water). — Divide the given 
temperature by 500** Fahr. or 278° Cent.; divide 500° Fahr. or 
878° Cent, by the given abeoltUe temperature; multiply the half- 
Bum of the quotients hy the least bulkiness of water (0*01602 cubic 
Gaet io the lb., or 1 cubic decimetre to the kilogramme) ; the product 
will be the required bulkiness nearly enough for practical purposes. 

EyAMPTJL— ^aiven, temperature on common scale, 212° Fahr.; 
that 14. 212" ^ 46r'2 == 673°2 Fahr., abscduta 
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1 /i673-3 500 \ 

^ \^00~ ''' W^Z^ "^ 1'045, ntio in idiidi the bnlkiness is 

increued (die exact istio k 1-04775, so tliat the error is about 

001603 X 1-015 = 001675 cohic foot to the lb.; bnlkiness 
reij[uiredly neuljr 

,^>^ = 59-7 JhtL to the cubic foot; oorresponding heavinesi^ 

aearij. 

The feOowiiig aie the imtes of eipuisioa in bulky in rising fiom 
the freezing prant (0^ Gent. <Mr S^ Fahr.) to the boiling point (100* 
CeaL or 2lf^ Fahr.) of some matmals : — 

Peifeci gases, 0365 

Air at ordinaiy pfessoies^ 0-366 

Pure water, 0-04775 

Sea-water, ordinaij, 0-05 

Spirit of wine;, o-iii2 

Hercoiy, 0-018153 

Oil, linseed and olive, 0*08 

Brass, 0*0065 

Bronae, 0*0054 , 

Copper, 0*0055 

Cast iron, 0*0033 

Wrought iron and steel, 0*0036 

Lead, 0*0057 

Tin, o'oo66 

ZmCy 0*0058 

Brick, common, 0*0106 

„ fire, 0*0015 

Cement, 0*0042 

Glass (average), 0*0027 

Slate, 0*0031 

6. Kfltet •f Ptij— 111 Mi BalkiHeM •f Perfect CUMes.— Given, the 
bnlkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bnlkiness at 
the same temperature under any other pressure; divide by the 
absolute pressure in atmospheres (see page 110). 

7. BzipiMMttoH •f the Tables.— Table L is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and soUds, aad 
of specific gravity for liquids and solids. Table II. gives the 
hoaviness of earth in lbs. to the cubic foot and to the cubio yaid 
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lUe m. giyes the beaviness of various kinds of rock in lbs. to 
e cubic foot, and to the cubic yard ; and the bulkiness in cubic 
et to the ton. Table lY. gives, for various metals, the weights of 
cubic inch (column A) ; of a bar a foot long and an inch square 
[>lamn C); of a round rod a foot long and an inch diameter 
olnmn B) ; of a plate a foot square and an inch thick ^column D) ; 
a cubic foot (column E); and of a sphere one inch in diameter 
olumn F). To find the weight of one foot of a round rod of 
diameter given in inches; multiply the number in column B by 
le square of the diameter. For the weight of a foot of a cylin- 
ical tabe, multiply the number in column B by the difference of 
le squares of the outside and inside diameters. For the weight 
' a solid sphere, multiply the number in column F by the cube of 
le diameter. For the weight of a hollow sphere, multiply the 
me nnmber by the difference of the cubes of the outside and 
lade diameters. 



L — General Table of Heaviness and Specific Gravity. 

Weight of a caUo 
foot in 

ASKS, at 32° Fahr., and under one atmosphere : ^^ ayoirdupoia. 

Air, 0*080728 

Carbonic acid, 0*12344 

Hydrogen, 0*005592 

Oxygen, 0*089256 

Nitrogen, 0*078596 

Steam (ideal), 0*05022 

^ther vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2137 

Olefiiuit gas, 0*0795 

[Qunw at 32'' Fahr. (except Water, ^^^^'j^ ^^ ^S^f 

which is taken at 39°*! Fahr.) : lbs. avoirdnpois. pore water = L 

Water, pure, at 39°*!,. 62*425 1*000 

„ sea, ordinary, 64*05 i'026 

Alcohol, pure, 49'38 0*791 

„ proof spirit, 57'i8 0*916 

jBSXher, 447o 0*716 

Mercury, 84875 I3'59<^ 

Naphtha, 5294 0*848 

Oil, Hnseed, 5868 0*940 

f» olive, 5712 0*915 

„ whale, 5762 0*923 

„ of turpentine, 54*3i 0*870 

Pefaroleum, 54*81 0*878 
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Wfllj^ of ft dribio 8p6^ 

iootin gnvvj 

lbs. «TOlid];90if. pimwal 

SouB MiNERii. SuBSETJkifiOES, non-metallic .' 

Basalt, 187-3 

Bzick, 125 to 135 2 to i 

Bfidkworky 112 

Chalky 117 to 174 1-87 to 

Clay, 120 

Coal, aniihiacite, 100 ] 

„ bitaminous^ , 77*4 to 89*9 1*24 to 

Coke, *, -62-43 *o 103-6 i-oo to 

Fekpar, 162*3 

Flin% 164-2 

Qlai% crow% averagei 156 

„ flint, „ 187 

„ green, „ 169 

„ plate, „ 169 

Oranite^ 164 to 173 2-63 to 

Gypsum, 143*6 

LioMstone (including marble), 1 69 toi75 2-7 t 

„ magnesian, 178 

Marl, 100 to 119 1-6 1 

Masonry, 116 to 144 z-85 t 

Mortar, 109 

Mud, 102 

Qwypta, 165^ 

Band (damp), 118 

„ (dry), i^'6 

Sandstone, average, 144 

„ Tarious kinds, 130 to 157 2-08 to 

Shale, 162 

Slate, 17s to 181 2-8 t 

Trap, 170 

MnricLS, solid: 

Brass, cast, 487 to 524*4 7-8 1 

„ wire, 633 

Bronze, 524 

Copper, cast, 537 

» Bheet, 649 

„ hammered, 556 

Gold, 1186 to 1224 19 to 

Iron, oast, yarioua, 434 to 456 6-95 1 

„ average, 444 

Iron, wrought^'^wrious, 474 to 487 y^i 
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Weight of ft eaUo Spedflo 

foot in grftTity, 



Vtm. ftToirdnpoii. pare wftter s L 

XnAua^ solid, — eonUnued 

Iim, wtought, KYtaige, - 480 7*69 

Lead, 713 11-4 

Platinmn, ^ 13x110x373 ax to 22 

Silver, 655 10-5 

Steel, 487 to 493 ?•» to 79 

Tm, 456 to 468 7-3 to 7*5 

Ziiic, 424 to 449 6*8 to 7*2 



Ash, ^^ 47 c-753 

Bamboo, 25 0*4 

Beecb, 43 0*69 

Birch, 44*4 0711 

Blue-Gum, 52-5 0-843 

Boac, 60 0*96 

Ballet-tree,.... 65-3 1*046 

CWhacalti, 56*2 0-9 

Cedar of Lebanon, 30*4 0*486 

Chertarat, 33-4 0-535 

Cowrie, 36*2 ©'579 

Ebony, West Lidian,. 74-5 x'X93 

Elm, 34 0-544 

Fir: Bed Pine, 30 to 44' 0*48 to o^ 

„ Spruce, 30 to 44 0*48 to 07 

„ American Yellow Pine,.. 29 0*46 

„ Larch, 31*0 35 05 to 0-56 

OmBheart,. 62*5 I'ooi 

Hawthorn, 57 0-91 

BEazel, 54 o-86 

Holly, 47 076 

Hornbeam, 47 076 

Laburnum, 57 0*99 

Lancewood, 42 to 63 0*675 to ix)! 

LarcL See "Kr." 

Lignum-Yitse, 41 to 83 0*65 to* 1*33 

Locust, 44 071 

Mahogany, Honduras, 35 0*56 

„ Spanish, 53 085 

Maple, 49 0*79 

Mora^ 57 0*92. 

* The Timiwr in every cMe is supposed to be dry. 
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TiMBEB, — continued, 

O&k, Emopean, 

„ American, Ked,., 

Poon, 

Saul, 

Sycamore, 

Teak, Indian, 

„ AMcan, 

Tonka, 

Water-Gum, 

WiUow, 

Yew, 



dghtofaoaUo 

foot in 
>8. ayoirdiipois. 


Spedflo 

graylty, 

pore water sL 


43 to 62 

54 

60 


0*69 to 0'99 
087 
058 
0*96 


37 
41 to 55 

61 
62 to 66 


0*66 to 0*88 

0-98 

0*99 to I -06 


625 


I -001 


25 
50 


04 
0*8 



11. — ^Heaviness op Easth. 

Gnbio Foot OaUc Yard. 

Chalk, ...from 117 to 174 lbs. £rom 3160 to 4730 IIml 



Clay, „ 120 to 135 

Gravel and Shingle, .... „ 90 to 1 1 o 

Marl, „ iootoii9 

Mud, 102 

Sand, dry, 89 

„ diunp, 118 

Shiale, ^ 162 



3240 to 3645 „ 
2430 to 2970 „ 
2700 to 3210 „ 

2750 >i 

2400 „ 

3190 ,» 

4370 n 



III. — Heaviness and Bulkiness op Rock. 

Lbs. in one Lbs. in one CnUo Feet 

Cubic Foot Cubic Yard. to a Tool 

Basalt, 187 ... 5060 ... 12 

Chalk, 117 to 174 ... 3160 to 4730 ... 19*1 to 12*9 

Felspar, 162 ... 4370 ... 13*8 

Flint, 164 ... 4430 — 13*^ 

Granite, 164 to 172 ... 4430 to 4640 ... 13-6 to 13 

Limestone, 169 to 175 ... 4560 to 4720 ... 13*2 to I3'8 

„ magnesian, 178 ... 4810 ... 12*6 

Quartz, 165 ... 445© — 13*^ 

Sandstone, average,., o 144 ... 3890 ... 15*6 

kmds ^"^^^^^ } 130 to 157 ... 3510 to 4240 ... 17*2 to 14-3 

Shale,...!*.*./..!'..! 162 ... 4370 — i3'8 

Slate (Clay), 175 to 181 ... 4720 to 4890 ... 12*8 to 12*4 

Trap, ijo ... 4590 ••• '3'« 



HEATnOSS— OSHTRS OF OSAYITT. 153 

TV. — CcBBSy Bods, Plates, Babs, and Spheres. 

A. & 0. D. E. F. 

Iba Ibi. VtM. Iba. lb& 

cast, average,... 0-298 2-81 3-58 43-0 516 0*156 

irae, 0-308 2-91 3-70 44-4 533 0-162 

5, 0-303 2-86 364 43-7 524 0-159 

r, sbeet, 0-318 2-99 3-81 45-75 549 0-166 

bammered,... 0-322 3-03 3-86 46-3 556 o-i68 

5ast, average, ... 0-257 2-42 3-08 37-0 444 0-134 

rrougbt, average, 0-278 2-62 333 40-0 480 0-146 

0-412 388 4-94 59-3 712 0-216 

average, 0-283 267 3-40 408 490 0-148 

irerage, 0-267 2-52 3-21 38-5 462 0-140 

iverage, 0*252 2-38 3-03 363 436 0-132 

;eBtre •f GniTitT— ai«nieBt •f Welght.~BULE I. — The centrd 
dty of a body of uniform heaviness is its centre of magnitude, 
iges 81 to 88.) 

«E II. — ^To find the moment of a body's weight relatively to 
1 plane of moments; multiply the weight by the perpendicular 
3e of the body's centre of gravity from the given plane. 
m, — In comparing together or combining the moments of 
s which lie some at one side and some at the other side of a 
of moments, those moments are to be distinguished into 
'e and negative, according to the sides of the plane at which 
dghts lie. 

JB III. — To find the common centre of gravity of a set of 
ed bodies; find their several moments relatively to a con- 
t fixed plane; find the resuttanb of those moments by adding 
er, separately, the positive and negative moments, and 
the difference between the two sums, which will be positive 
ative according as the positive or negative sum is the greater. 
^ that resultant moment by the total weight; the quotient 
5 the perpendicular distance of the common centre of gravity 
he fixed plane ; and its positive or negative sign will show at 
side of the plane that centre lies. If necessary, repeat the 
)rocess for a second and a third fixed plane, so as to deter- 
he position of the required centre completely. The two or 
planes (as the case may be) are usually taken perpendicular 
1 other. 

JB IV. — To find the centre of gravity of a body consisting of 
of unequal heaviness; find separately the centres of those 
and treat them as detached weights by Bule IIL 
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9. M— MH cC iMMla Mid Badta» •f GymtlMu-^UIA L — To 
find the moment of inertia of a body about a given axis; conceive 
the body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square of its perpendicidar 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required mcmient of inertia. 

HuLE II« — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first; multiply 
the mass (or weight) of the body by the square of the perpendicular 
distance between the two axes^ and to the product add the given 
moment of inertia. 

'Rule III. — Given, the separate moments of inertia of a ael 
of bodies about parallel axes traversing their several centres o£ 
gravity; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpendicidar 
distance of its centre of gravity from the commoa axis; add 
together all the products, and all the squuvte mamcnts of inertia; 
the sum will be the combined moment of inertia. 

RuLB lY. — ^To find the square cxf the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the hody. 

Bulb Y. — Given, the square of the radius of gyration of a body 
about an axis traversing its centre of gravity in a givoi direcdon; 
to find the square of the radius of gyration of the same hodj about 
another axis parallel to the first; to the given sqxuire add te 
square of the perpendicular distance between the two i 



10.— Table or Squares of Baihi of GYBisioir. 



Boot. 


Am. 


BAsmt 


L Sphere of radius r, ^ 

n. Sphenxid of revohition— polar semi- 


Polar aods 

Diameter 
muaebat 


X 

T 


m EUipsoid^nemi-ases a» b, e, ^..•... 

IV. Sj^erical shell— external radias r, 
internal f', 


V. Spherical shell, insensibly thin— »- 
dinar, thiokaeasilr,.... •«.... ^ ». 





BABIUS OF OTKATIOir— GBim Or PERCUSSIOir. 



IM 



VL CJrcQlarcylindMr length 2a, radini r, 

YJOL XUptfe ^^M«r— length 2a, tnoif- 
fene Mmi-azet &, e, 

XOL HflOoir onealar cylinder— langtii 2a^ 
eatemal mdia r, intenud i^, 

DL Bbllow cironlar ojlmder, bueniibly 
thin— length 2a> radius r, thickmwg 
<&•, 

X. Obeoilir eyHndeiv-length 2a, radini 
r, 

XL EQiptic cylindei^-length 2a>, trans- 

ZIL HbDov oizoolar eylinder— length 2a, 
eztemal ndint r, internal r', 

XEEL HoUow drcaltf edinder, inaensibly 
tiii»-Hndii« r, tfaiokiMBa dr, 

ZIV. SMfcaagokr pEum-^dhnennons 2a, 
26|2c, 

XV. Bhomlne prim— length 2a, diagonals 
2&,2c, 

XVL Bhomhie prism, is shore, 



Lonntndinal 
axis, 2a 

Longitudinal 



Lom^dinal 
axis, 2a 



Longitudinal 
axis, 2a 

Transverse 
diameter 

Transvene 
axis, 26 

TransYerse 
lyusvene 



Axis, 2a 

Axis, 2a 

Diagonal, 2b 



Bamols 



2 

4 



4 ■**3 



4+T 



+T 



2 + 3 
3 

6 

£• a» 

6"**3 



IL C:#Bm sT Psr—leM M^pliraiet 

L-— To find the centre of percussion of 
ft given body turning about a given 
axis. 

In fig. 65, let XX be the given 
axifl^ and G the centre of gravity of 
ihebody* From G let fall G C perpen- 
diculartoXX Through G draw G D 
parallel to X X, and equal to the 
radius of gyration of the body about 
theaadsOD. Join C D, T hen will 
E « C D » JWWITCG^ == the 
radius of gyration of the body about 
XX From D draw D B perpen- 
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^Emkr to CD, cutdng CG prodaoed in R Then will B be tlie 
CMIQ« of pttcttskm of the bodj for the axis X X. 

GD* 
To fiihi B br cakaktioii; make G B = ^-^. 

C is the oaitr^ of p qc ussi on for an axis traversing B parallel 
u>XX 

Kris IL — ^To conrect the bodj into an ^'equivalent simple 
wndoiom'* for the axis X X, <Mr for an axis through B parallel to 
JL X: diride the mass of die body into two parts inversely 
pcv^MTtkvttl to G C and G B, and conceive those parts to be 
<\>n«>Kitzated at C and B respectiTelj, and rigidly connected 

\Let W W the whole mass^ and C and B the two parts; then 
^^ W GB ^ WGC\ 

^"'^TbT'^^^cb^J 

VTW ^e^uiT^iknt simple pendulum" has the same weight with 
the ^vvn Kxtr^ and ako the same moment of weight, and the same 
WKHgMVit of inerdau with the givel body, relatively to an axis in 
the ovya durectKHi X X, traveising either C or B.) 

l£ »iMHiJii Bii^ «r KiniiMiiMi Wj ^w h c rf. When the givm 
axK tvarvrsiK the centre of gravity, G, there is no centre of per- 
ewsiv>u. The moment of the body's weight is nothing, and its 
lKK>iiK^ui of inertia is the same as if its whole mass were concentrated 
iu a ritt^ of a radius equal to the radius of gyration of the body. 
Thai riix^ mav be call<ed the ^'eq[uiYalent ring," or ^'equivalent 
%-wh^l> 

1$. The Otw m£ y«iii— ri in a plane surface is the point 
trawx^ed by the lecsullant of a pressure that is exerted at that 

KvUk — CVvMeive that upon the pressed sur&ice as a base, there 
»ta)Hi$ a )>4rt$matio ^>lid of a height at each point of that sur&ce 
i>«\nvrfi\>i^ to the intensity of the pressure (page 103); the point 
lu iW (xrv't^xi surface at the foot of a perpendicular from the centre 
of lu^xiUKie of the solid VP*>S^ ^1 ^ ^) ^^ ^ *^® centre of 

The Mlowii^ are particular cases: — 

]x l^aM^im rti>wtc AYhrn the intensity is uniform, the centre 
of \Mtv«»ure is at the <wrfw«>/'«Na§r*itVMc/« of the pressed surface. (See 

it l*alfW«al3r Ta«7taa yii i— tf —When the intensity of the 
pvt^uiv >'ant>s siu\(4y as the perpendicular distance from a given 
axK the wutre of prossure is at the cerOre of percussion of the 
invMBMHl »uHm\\ rektively to that axis (see page 155); the sur£sice 
iH^liVtf iv^\rded as a thin plate of uniform thickness and 
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JJCFLE8 OF CeMTBES OF XJNIFOBMLT-yABTINa PRESSURE. 

iacli of the following examples the greatest perpendicular 
^ of any point of the pressed surface from the axis is denoted 
and that of the centre of pressure from the axis by k. 



SiTBFAGB. 



Ldogram,. 



gle, 

gle, 

irde or semi-eUipse,.. 
tor dlipse, , 



'hxh, [ 

b'xh',,...) 



r dimenBioiis, 
r dimeoosions, 

w square, h^ — ^'", 

w ellipse, — ' 

r dimensions, h x A, | - 

r dimensions, 1/ x h', ... i 
w circle, — i 

r diameter, ^ > 

r diameter, hf i 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
oppoedte edge. 
Diameter. 

Tangent 

One edge 

of the 

enter bonndaiy. 

Do. 

(Tangent to) 
< the outer > 
{ boundary. ) 

Do. 



fts 



I- 



0'58905A. 

h bh^ — b'h'* 

2'^6h{bh—b'hy 

2h f^ 

A. bh^-^b'h'* 
2'^Sh{bh-b'hy 



8'*"8A- 



The CeatM •r Ba^yaBcr of a solid wholly or partly immersed 
ixdd is the centre of gravity of the mass of liquid displaced. 
»ultant pressure of the liquid on the solid is equal to the 
; of liquid displaced, and is exerted vertically upwards 
h the centre of buoyancy. 
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PAET V. 

BULES EELATING TO THE BALANCE AND STAHMIT 
OF STBXJCTTJBEa 

Section L — Composition and Besolution of Fobcel 

1. The ResDltavt sT m J^lstritarted V^rcc—BuLE L — ^To find lb 
resultant of a body's weight ; find .the centre of gravity of the bo^ 
(as in page 153); the resultant will be a abgLe fon>e eqoil ^ 
the wei^t^ acting verticallj downwards through the oeaotn <i 
gravity. 

BxTXiE IL — To find the resultant of a pressure; £jbA the oentn tf 
pressure (as in page 156); the resultant will be a single fbroe efod 
in amount to the pressure, and acting in the same directioii lli^ 
through the centre of pressure. (The amount of the presBOie ii 
equal to the area of the pressed surfiGice, multiplied by tlie fMK 
intensity of the pressure, and is also equal to the wcaght ft ^ 
imaginary prismatic solid mentioned in page 156, Articie 1&) 9* 
mean intensity of an unifomdy va/rying pressure is its i 



the cen^e of rruignitude of the pressed sur&ce. (See page 49.) 

2. Resnllant of Forces acting through one Pofait. — BUUS lUr*' 

If the forces act along one line, all in the same direction, ^ 
resultant is equal to their sum; if some act in one direodoa •>' 
some in the contrary direction, the resultaait is their algArmBii^i^ 
that is to say, add together separately the foroes which art in A» 
two oontraiy directions respectively; the difference of iii» ♦•• 
sums will be the amount of the resultant, and its dicecAi<A ^^ 
the same with that of the forces whose sum is the greater. 

BuLE lY.— If the forces act along 
tiioo lines, O X, O Y (fig. 56), lay » 
O A and O B along those linefl^ ^ 
represent the magnitudes d Aj 
given forces; through A draw A v 
parallel to OB; through B 4** 
B parallel to O A, and eoi^ 
A C in C; join O C; the diagonJ 
O C will represent the pesnltM^ 
. required, in direction and isagDi' 




aoKFOsmov axd bxsolutioh of wobceb. 159 

Ponnnla for finding the magnitude of O C by calculation : 

0C = >^|0A« + 0B2 + 20AOBcosAOR| 
Fonnuhe for finding the direction of O C by calculation : 
«inA0C = 8inA0B-^; EinB00 = 8inA0B-^. 

Rule V. — Given, the directions of three forces which balance 
each other, acting in one plane and through one point; construct a 
triangle whose sides make the same angles with each other that 
the directions of the forces do; the proportions of the forces to each 
other will be the same with those of the corresponding sides of 
tint tviaagle. 

To BQlve the same question by calculation ; let A, B, C, stand 
for the magnitudes of the three forces; A O B, B O C, C O A, for 
the aogkfl between their directions; then 

BinB0C:sinC0A:8inA0B::A:B:C. 

EaoU of those three forces is equal and opposite to the resultant 
of the other twa 

KuuB VL — ^To find the resultant of any number (P^, Fg, Fj, 
Aa, fig. 57) of forces in different direc- ^ 

tioDS, acting through one point, O. ^ — — :^V 

Commence at the point of application, *^^.^^ 'jr ,^^ / \ 
and construct a chain of lines repre- ^ — ^—"^^ 
senting the forces in magnitude, and >/\^^^^*»<^?^'^ 

parallel to them in direction, (O A = i^- — -V — -;?^' » 

andllFi, AB = and || Fj, B C = and ^V^'l 

II Fj, &a) Let D be the end of that ^^- ^^• 

chain; join OD, this will represent the required resultant; and 
a fofce (Fg) equal and 0][^>06ite to O D will balance the given 
farces. 

(This rule is applicable whether the forces act in one plane or in 
different planes.) 

3. BcMlatioB •£ m F«rce tei» lacUiMdl €)»iiiyiiwif ■— A single 
fixroe may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

BtjmYII. ri«)0(?TOpone78te.— Infig56,pagel58,letOCbethe 
g^ven force, and O X and O Y the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A, and B parallel to O X, cutting O Y in B; O A and O B 
will be the required components; and two forces respectively 
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BALANCE AND STABILITT OP STRUCTUBES. 





Fig. 58. 



equal to and directly opposed to these will balance O C. For the 
proportionate magnitudes of the components, see Article 2 of this 
section, Rule V., page 159. 

Rule VIII. Two Rectangular Corrvpanevds. — ^When the directions 
of the required components are perpen- 
dicular to each other, let R denote the 
resultant, or force to be resolved; X and 
Y the required components, a and /3 the 
angles which they make respectively with 
R. Then 

«+ /3=90°;X = Rcos« = R sin/3; 

y =r R cos /8 = R sin «; 

X2 + Y2 = R2. 

Observe that cosines of obtuse angles are 
negative. (See page 53, line 2.) 

Rule IX Three CompynenJtn, — In fig. 
58, let OH represent the given force 
which it is required to resolve into three component forces, acting 
in the lines O X, O Y, O Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
Y O Z, Z O X, X O Y, and cutting respectively O X in A, O Y in 
B, O Z in C. Then will O A, OB, 0, represent the component 
forces required. 

Rule X Three Rectangvla/r Components. — ^When the directions 
of the three required components are perpendicular to each other, 
let R denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, ft y, the angles which they respec- 
tively make with R. Then 

cos 2« + cos 2/3 + cos 2y = 1; X = R COS «; 

Y = R cos /3; Z = R cos y; X2 + Y2 + Z2 = R«. 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Resnllant of any Nnmber of Inclined Forces Acttes tluvHgk 

one Point.— To solve the same question by calculation that is 
fiolved in Rule VI. by construction. 

Rule XI. (When the forces act in one plane.) — Assume any 
two directions at right angles to each other as axes; resolve eatm 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
/2) X, 2) Y) ; these will be the recta/ngvlar components of the reitiUaiU 
B>o/all the forces; that is to say. 



E=y^{(2Xf + (2Y)«}j 
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ftud if « be the angle which It makes with X, 

2X . 2 Y 

cos « = -p-; sm a = -p—. 

Rule XII. (When the forces act in different planes). — Assume 
any three directions at right angles to each other as axes; resolve 
each force into three components (X, Y, Z\ along those axes; take 
the resultants of the components along the three axes separately 
(2 X, 2 Y, 2 Z); these will be the rectangvla/r components of the 
restdUmt qfaU thejbrces; and its magnitude and direction will be 
given by tihe following equations : — 

R =a/|(2X)2 + (2Y)2 + (2Z)2|. 

2X ^ 2Y 2Z 

cos « = -^ ; COS /8 = -^; cos y = -^. 

5. €«hfIm.— In fig. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the arm, apcm, or leverage; and the 
product force x leverage = F L, is the 
ttatical moment of the couple, which is 
li^t or left-handed according as the ^ _. 

ecmple tends to turn the rigid body, as ^' * 

seen by the spectator, with or against the hands of a watch. (For 
measares of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

BUI.E XIII. — To find the resultant moment of any number of 
oonples acting on a rigid body in the same plane, or in parallel 
plaDe& Take the sums of the right-handed and lefb-handed 
Bunnents separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
aooording to the direction of the moments whose sum is the 



Buu! XrV. — ^To represent the moment of a couple by a single 
fina Upon any line perpendicular to the plane of the couple, set 
eff a length proportional to the moment (O M, iig, 59), in such a 
iizection that to a spectator looking from O towards M, the couple 
dttn seem right-handed. The line O M is called the ascis of the 
souple. 

Couples as represented by their axes are compounded and 
Desolved like single forces^ by Rules I. to XIL of this section* 
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BALANCE AND STABILITY OF STBUCTUBES. 




Fig. 60. 



BuLE XY. — To find the resultant of a single force, F, applied 
to a rigid body at O, and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifted in that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resultant 
required. 

(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

Rule XYI. — ^To resolve a single force into a single force acting 
in a difierent but parallel line, and a couple. In ^g. 60, let F be the 
given force acting in the line E D, and £ a given point not in £ D« 
Through B conceive a pair of equal and oontrazy 
forces to act in a line parallel to E D; viz., + F 
equal to F and in the same direction; and — P 
equal to F and in the contrary direction; ako^ 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F acting 
through B, and the couple of forces F and — P, 
with the arm A B and moment F x A B ; which 
couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called the moTnent of the force F 
rdcUivdy to the point B; or relatively to the 
ctxis O X traversing B in a direction perpett- 
dicular to the plane of F and AB; or relatively to a jdimB 
traversing B perpendiculai-ly to A B. 

6. Parallel Forces.— EuLE XYII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with^ and 
parallel to, the components. It is their sum or dijQTerence according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find iti 
line of action by construction, proceed as follows: — Fig. 62 repre> 
senting the case in which the components act in the same directMOy 
fig. 63 that in which they act in contrary directions. Let A D 
end B E be the components. Join A E and B D, cutting eadi 
other in F. In B D (produced in fig. 63), take B O ^ D F. 




Fig. 61. 



PARALLEL FORCES. 
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Thrcnigli O draw a line parallel to the components; this will be 
the line of action of the resultant To find its magnitude bj con- 




siraction: parallel to AE, draw BCand DH, cutting the line 
of addon of the resultant in C and H; C H will represent the 
resultant required ; and a force equal and opposite to C H will 
balance A D and B E. 

To find the line of action of the resultant by calculation; make 
either 



BG = 



AD'DB 

CH ' 



orDG = -^g.— . 



BiTUi XVIII. — ^When the two given parallel forces are opposite 
and equal, they form a couple, and have no single resultant. 

IEUjlb XIX.— To find the relative pro- 
portionB of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Across the three 
Knes cf action, in any convenient positicm, 
disw a straight line A B, fig. 64, and 
MOMore the distances between the points 
vliere it cuts the lines of action. Then 
eadi fiiroe will be proportional to the dis- 
tance between the lines of action of the 
eOier two. The direction of the middle 
fixoe O is contrary to that of the other two 
fMoem A and B 

In fljfmbols, let A, B, and C, be the foi-ces; then. 




Fig. 64. 



A + B + - 0; AB :BC : C A : : C : A : R 
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Each of the three forces is equal and opposite to the restdtant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two parallel components^ acting in given lines in 
the same plane. 

Rule XX. — To find the relative proportions of four parallel 
forces which balance eaoh other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines <« 
action in any convenient position; and in 
^g. 65 or fig. 66, let A, B, C, D, represent 
the points where the four lines of action cat 
the plane. Draw the six straight lines 
joining those four points by pairs. Thai 
the force which acts through each point will 
be proportional to the area of the triangle 
Fig. 65. formed by the other three points. 

In ^g, 65, the directions of the forces at 
A, B, and C, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 
^ those at B and C in the contrary direction. 

In symbols, 

A + B+C + D = 0; 

BCD:CDA:DAB:ABO 

Fig.ee! :: A : B : C : D. 

Each of the four forces is equal and opposite to the resultant of the 
other three; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

Rule XXI. — To find the resultant of any number of parallel 
forces. 

Case I. — ^When the parallel forces act all in one direction, tiie 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached weights, and find the position of the common 
centre of gravity of those weights by Part IV,, Article 9, Rule IIL, 
(page 153); the line of action of the resultant will pass through 
that centre. 

Case II. — ^When the parallel forces act in two contraty direc- 
tions. Find separately, as in Case I., the magnitudes and lines of 
action of the resultants of the forces which act in the two contrary 
directions respectively; if those two resultants are unequal, find 
the final resultant by Rule XYII. ; if they are equal, ^ey form 
a couple, and have no single force as a resultant 
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SscnoK n. — Fraxes, Chaikb, and Linear Ribs. 



1. XrteiigBUur sad IPmUftmrnml FniHMS.— A frame consists of bars 
eonnected together at their ends by joints which offer no sensible 
lesiBtance to the tnming of one bar into a difTercnt angular 
positioii relatively to the next, the resistance to such turning 
being given by the fixing of the farther ends of the bars alone. 
The point in a given joint about which such turning would take 
place is called 'die centre of resistance of the joint; the straight 
line joining the centres of resistance at the ends of a bar is culled 
the Una o/resistance of that bar. A bar is called a stnU, or a tie, 
aooording as a thrust or a pull is exerted along its line of resist- 
anoeL A figure showing the centres of resistance and lines of 
resistance alone may be called the skeleton diagram of a frame. 
When a joint is spoken of as a point, its centre of rcsisttmco is 
meant ; when a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance; and if not actually so concentrated, the 
following rule is to be used : — 

RuUE I. — Given, the actual load distributed over a frame, whether 
arising fix>m external forces or from its own weight, and tlie distri- 
bution of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part lY., find the resultant of the load on each 
bar; then, by Bule XIX. of the preceding section (page 163), 
leaolve each such resultant into two parallel components acting 
through the centres of resistance at the ends of that bar; then 
take Sie resultants of those components for each joint separately; 
those resultants will form the equivalent load required. 

Rule II. — Given, the load on a frame, and the line or lines of 
reeistanoe of its supports; to find the supporting force or forces, 
commence by finding the resultant of the whole load by the rules 
of the preceding section, and of Part IV, 

Case L — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load; and the supporting force must be equal and opposite to that 
resultant. 

Case II. — ^When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
point. If parallel, use Rule XIX (page 163), or, if inclined, use 
Rule VIL (page 159) of the preceding section to resolve the re- 
sultant load into two components acting along the lines of resistance 
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of the supports; the two supporting forces will be equal and 
opposite to those components. 

Case IIL — When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point If parallel, use Hule XX. (page 
164), or, if inclined, use Hule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three supporting 
forces will be equal and opposite to those components. 

Bemabe. — ^In all the following rules, those components of a 
distributed load which, as found by Hule L, rest directly on the 
supports of the &ame, are understood to be left out of account; and 
the supporting forces are supposed to be determined exduawe of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Hule III. — To distinguish struts from ties. In fig. 67, let A 
and B C be the lines of resistance of two bars of a frame meeting 

at the joint C. Produce those lines 
beyond C, as shown by D, E; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A l«o- 
duced and B C produced, as at 1, 
both bars are ties; if between A O 
produced and C B, as at 2, A is a 
tie and B C a strut; if between C A 
and C B, as at 3, both bars are stmts; 
if between C A and B C produced, as at 4, A C is a stmt and B 
a tie. 

Hehabk as to stability and instability. — ^A tie is stable^ even 
although one or both ends are moveable. A stmt is unstable^ 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing stmts must 
be stifiened, so as to fix their positiona 





Fig. 68. Kg. 69. Rg. 70. 

Hule IV. — Given, in a triangular /rcMm, loaded and sapported 
vertically, the skeleton diagram (fig. 68), to find the lelatiye pro- 
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portioiiB of ilie foroes acting in the frame. Let A, B, C, be the 
thiee baiB, 1, 2, 3, the three joints. Construct the diagram qf 
Jbf<ce9, figi 69, as follows : — From any point, O, draw 
O A, O By O Oy pandlel to the lines of resistance 
A, B| C, respectively j then across those three lines y^ 

dnew the vertical line ABC. Then the required ^^^ 

p B opo r ti apfl are as follows : — o^^^™- 

StTMS Along ^S. 

: A : B : V\ 

::OA:AB:BC:OA:OB:OC; \ 

and from these proportions, if any one of the six > 

foroea is given, the other five may be found. ^Sg. 71. 

From O, perpendicular to A B C, draw OH. 
TluB irill rnnesent the hrnaanial sir&u of the frame, which is the 
«me in each bar. To find this and the other forces by calculation 
fiom the load C A, let a, 6, c^ be the angles of slope of the three 
lines of lesistanoe; then 

U ±1 = 7 , . . 

tanc=l= tana 

A B » O H -(tan a qp tan 6); B C = O H • (tan 6 =±: tan c). 

The siim / + I ^ *® ^ ^^ed when the two ) opposite directions 
^^ i — J inclinations are in j the same direction. 

OA=*0H-Beca;0B=:0H:sec6;0C = 0Hsecc. 

BiTLE Y. — Given, in a polygonal frame, loaded and supported 
fmriiealfyy the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, 4, 5, 
the joints, of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
slnict the diagram 0/ forces, fig. 71, as follows : — From any point, 
O, draw radiating lines, O A, O B, O C, <fea, parallel respectively to 
ihe lines of resistance A, B, C, (fee., in fig. 70. Then draw a 
vertical line, A D, across the radiating lines. Then, taking the 
idiole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, &c., will represent 
the parts of the load which must rest- on the several loaded joints 
in order that the frame may be balanced. For example, B C in fig. 
71 represents the part of the load to be applied at the joint 2 in 
fig. 70, where the bars B and C meet Also, the parts D E and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the points of support, 4 and 5, in fig. 70, 
represent the supporting foroes at those points respectively. The 
lengths of the radiating lines O A, &c., represent the stresses along 
the lines of resistance to which they are respectively paralleL 
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From O let fall on A D tlie perpendicular O H. This will 
represent the horizanUd stress of the fi^tme. 

Kemarks. — By omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open Jrame, in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders abutments necessary at 4 and 5, and not mere vertical 
supports. 

G^ie firame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. K the same figure be inverted, the bars which were struts 
become ties, and the frame is stable, although flexible. 

KuLE VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, fig. 70 ; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
parts, A B, B C, d^, to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, O C, &c., from O to the points of division of 
A D; these will be parallel to the lines of resistance whose 
inclinations are required. 

BxjLE VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars ; to find the horizontal stress, divide the load by the 
«Mm of the tangents of those inclinations, if they are contrary, or 
by the difference of those tangents, if the inclinations are similar. 

B.ULE VIII. — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sum of those tangents, if the lines of resistance slope contraiy 
ways. 

KuLE IX- — From the same data, to find the stress along a given 
bar; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Frames— method of Triangles.— When the external 
forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating lines^ as in fig. 71, gaps will be left in 
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that scale. The lines necessary to fill np those gaps will indicate 
the forces to be supplied by means of the resistance of braces. 
These may be either struts or ties^ connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
ioTceSf acting along the line of resistance of the brace^ upon the 
pair cnf joints which it connects. 

Applied !• Framefc— When a vertically- 



3. Mmlhmd •€ Seclta 

loaded braced frame is 
so designed that a 
Yertical cross- section 
of it at any point 
cats not more than 
three lines of resist- 
ance, the method of 
mOiofM may be ap- 
plied as follows : — ^The 
upper and lower bars, 
as 13, 35, &C., and 
2, 2 4, 4 6, &a, in 
fig. 72, may be called 




Fig. 72. 



the itringera, and the intermediate bars, 01, 12, 23, dbc, the 
hmoes. 

Rule I. — Given the skeleton diagram, and the load at each of 
the joints (1, 2, 3, &c.), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting forces by Rule II. of 
the last Ai-ticle (page 165). Then conceive the frame divided into 
two parts, by a section traveraing the joint that is opposite 
the stringer under consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (That is to say, in the present example, 
take the moment of the supporting force at the joint O, by 
multiplying it by its horizontal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
stringer in question, let fall a perpendicular (4 P) on the line of 
resistance of the stringer (3 5) ; divide the resultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress is 
thrust or tension, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of the kind which resists that 
tendency. (In the example the stress is thrust for the upper 
stringers, tension for the lower.) 

Bulb II. — ^To find the vertical component of the stress along a 
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stringer, multiply the whole stress by the difference of level of the 
ends of the stringer, and divide by the length of the stringer. 
If the stringer is horizontal, its stress has no vertical components 
The stress of each stringer having been found, the next step is 
«s follows: — 

Bulb ILL — In the same case, to find the stress along any one of 
the braces (for example, 3 4). Conceive the &ame to be divided 
into two pfiorts by a vertical section, 8 S, traversing the brace in 
question. Take the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example shown, 
fix>m the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
^section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and opposite to tiie final 
resultant found by the preceding processes, and being multiplied 
by the ratio in wMch the length of the brace is greater than the 
difference of level of it4 ends, will give the whole stress along 
the brace. 

4. liMUicd Cfcatefc— BuLE I. — Given the figure of a loaded chain, 
O B A D ; to find the position of the resultant load on any part of 
it, A B, and the relative proportions of the forces acting on that 

part of the chain. Draw 
^ tangents, A P and B P, 
to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
part A B traverses the 
point P. Also, construct 
^'^' ^^' a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load : those three sides will bear to each other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and R 

BuLE II. — Given, in & vertically-lo&ded chain, the total load, 
and the figure in wluch the chain hangs; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, fig. 74, as follows : — Draw a vertical straight 
line, D, to represent the total load, and from its ends draw C O 
and D O, paraUel to two tangents at the points of support of the 
chain, and meeting in O; those lines will represent the tensions 
o^ the chain at its point of support 

Let A, in fig. 73, be the lowest point of the chain. In ^. 74 
draw the horizontsd line O A; this will represent the hixiaontal 
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amipaneiit of the tension of the chain at eveiy point, and if O B be 
parallel to a tangent to the chain at any point B, A B, in fig. 74, 
wiU lepveBent tl^ portion of the load supported between A and B, 
and O B the tension at B. 

BuiA nL— Giyen, in a verticallj loaded chain, the load and its 
distribation; the points of sospension, and C (fig. 
75), which points are supposed at the same level, 
and the horisnntal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
the diain will hang. By Rule XXL of the pre- 
oeding section (pe^ 164), find the resultant load, 
R; then by Rule aIX. of the same section (page 
163), find the vertical components, P and F, of the 
two snpp(»rting forces (equal and opposite to two 
pamllel components of R through C and C). Then, 
nom the Imown distribution of the load, find 
the position of a vertical line, A F, dividing the 
toted load, R = P + F, into two parte equal to the adjacent 
aopporting forces, F and F respectively; ^e point A, where 




Fig. 74, 




Hg. 76. 

that vertical line cuts the horizontal tangent H HT, will be the 
lowest paiifU qf the chain. Next^ to find the horizontal tension; 




Fig. 76. 

conceive the chain divided into two parts by a vertical plane 
through A F; take the resultant moment, rdatively to that plane. 
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of all the vertical forces which act on one of those parts : for 
example, of the supporting force P, and of those parts of the load 
which hang between C and A; divide that moment by the greatest 
depressiony F A; the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between C and 
B; divide that resultant moment by the horizontal tension; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H^ + F2), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the curve of equilibrium 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. Chain, with lioad Vnifonn OTer the Span. — The assumption 

that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A C be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines through 
them. The curve B A C is a common parabola, with its vertex at 
A. Let D E = a; B D = y^; C E = y2i ^ I^ = «i; A E = a^; 
so that aj^ + ojg = a. 

Rule I. — Given, the elevations, y^, y^^ of the two points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find liie horizonted distances, x^, ajg, of the lowest point &om the 
two points of support : also the focal distance, m, of the parabola. 

«'! = «• / '^^S ;'«2 = «- , ^^\ . 
^ Jyi+ >Jyi ^ Jyx+ JVi 



lib = . , • 

When the points of support are at the same level, 

In the latter case the height y^ = y^ is called the depTe8ai(m, 
B.ULE II. — Given, the same data, to find the incliiusttioiis, t|, t^ 
of the chain at the points of suppoi't 
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when the pointB of support are at the same level, 

BuuB m. — Given, the same data, and the load, j9, per nnit ol 
length : required the horizontal tension, H, and the tensions, E^, B^ 
at tiie points of support. 



2 yi + 2 yj + 4 ^/ yi yg' 

When the points of suppoH are at the same level, or that y^ = y^ 
those equations become 

H.||;E..E,= Hj(..lii!:). 

Bulb IY. — Given, the same data as in Problem First, to find 
the length of the chain. 

CSalculate the lengths of the arcs A B = ^j, and AC = ^g* ^7 
the rules of page 79, Article 5, and add them together. 

BxTLB Y. — Given, the same data, to find, approximately, the 
small elongation of the chain d {s^ + s^^ required to produce a given 
small depression, d y, of the lowest point A, and conversely. 

dy 3 Va^i «2/' 

When y^ = ygj *^ equation becomes 

2d 8^ 16 yi 
dy ~ 3a * 

These formulae serve to compute the depression which the middle 
point of a suspension bridge undergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

BxTLE VI. — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
saddle, on which it is free to slide, the tensions of the portions of 
the chain or cable on either side of the saddle will be sensibly 
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equal; and in order that those tensions may compose a vertical 
pressure on the pier, their inclinations must be equal and opposite. 
Let i be the common value of those inclinations; It the common 
value of the two tensions; then the vertical pressure on the pier is 

V = 2 K sin t = 2 H tan i = 2jp a; 

that is, twice the weight of the portion of the bridge between the 
pier and the lowest pointy A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let i,i\ be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and B, B!, their tensions; then 

Br = H sec i; R' = H sec i'; 
Y = R sin t + R' sin i' = H (tan i + tan i). 

6. The Catenarr is the curve in which an uniform chain hanga^ 
when loaded with its own weight only, or with a load everywhere 
proportional to its own weight (See fig. 22, page 80, and its 
explanation.) 

Rule I. — Given, in ^g, 77, the catenary A B, and its directrix 
O X, and the weight of an unit of length of 
the chain; to find the horizontal tension* 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

Rule II. — To find the tension at any 

point, B, of the chain. Multiply the height 

of the ordinate X B &om the directrix to 

Jig 77^ the given point, by the weight of an unit of 

length of chain. 

7. A Cacenarian Kib is of the figure of a catenary inverted, the 
directrix being above the curve, and the curve concave downwards. 
To represent it, conceive fig. 77 to be turned upside down. It is 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the area, O A B X, 
of the spcmdril, or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an unit of area of spandnl; to find 
the horizontal thrust. Midtiply the square of the parameter O A 
by the load per unit of area. 

Rule II. — ^To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter O A, the ordinate X B, and the load 
per unit of area. 

A Transformed Catenarian Bib is a CUrve SUch 88 a 6 in fig. 77 

(still supposed to be turned upside down), which curve is so rekted 
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to the oommon oatenary, A B, that the ordinates drawn to it from 
the directrix^ O X, of both carves, such as Oa and Xb, bear every- 
where a constant proportion to the corresponding ordinates, such 
as O A and X B^ of the common catenary; or, in symbols ^ 

: — = constant 
m 

A iransfonned catenaiy is a form of equilibrium for an arched rib 
loaded in saoh a manner that the load on any arc, a 6, is propor- 
tional to the area of spandiil, OabX. 

BuLE m. — Given, in a transformed catenaiy, the least ordinate, 
O a = a; any other ordinate, X. h =^; and the half-span, or 
distance between them, O X = a;; to find the parameter, O A = m, 
of the corresponding common catenary. Use the following formula : 

m = «^.hyp.log. (j+>y/?f — l)- 

(Far hyperbolic logarithms, see page 38. For squares and square 
roots, se epa ge 11.) 

RuLB Iv . — ^In a transformed catenarian rib under a given load 
per imit of area of spandril, to find the horizontal thrust ; multiply 
the square of the parameter A O (found by Rule III.) by the load 
per unit of area of spandriL 

Rule V. — ^To find the thrust along the rib at any point, B; let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril. O a & X: T, the required thrust; then 
T==V(H« + P8). 

Rule VL — ^To find the radius of curvature of a transformed 
catenaiy at its vertex or croum, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at its vertex, A, 
is equal to the parameter, O A.) 

Table fob Catenabian Rib& 
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To interpolate the ordinate, y =1= v, corresponding to an inter- 
mediate half-span^ x r±= w, when - corresponds to - in the table; 
make 

yz±=v _y f^ , t^g , t^* \ mdy fu . u^ \ 
a "aK "^2 m^'^ 24c mS) — adxXiri ^ my 

This computation is to be performed by addition to the number 
next below in tha table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. jjuiSmrmXj Pressed Hoops.— The stress on a hoop is tension if 
it is pressed frt)m within; thrust if it is pressed from without. If 
the pressure is uniform, of equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circle. 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

B.ULE I. — ^To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

EuLE II. — To find the ratio of the greater and lesser axes of an 
equilibrnted elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

Rule III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A BiTcirostatic Rib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 




Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvatm-e at each point, such as C^ is inversely proportioiud 
to the depth of spandril, C Y. 
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The total thrast at every point of a hydrostatic rib ia uniform, 
And is equal to the load on the half-rib A B. 

In whkt follows, the rib ia supposed to 8|)ring vertically from its 
abutments at B, B. 

HuLB L — Given, the half-span, F B = c, and the rise, F A = a, 
of a hydrostatic rib; to find the proper depth of load at the crown, 
A O = A^ approxiTnaUif/, 

Make h = e + 077—: then h = j^ „ nearly. 

Rule IL — To find the area of spandiil corresponding to the 

T 
unifonn thrust along the rib; call that area -, in which T repre- 
sents the thrust^ and to the load per unit of area of spaudril; then 

RuLB nL — ^To calculate the thrust; being also the load on 
thehalf-riU 



T = «,(J+aA). 



Rule IY. — ^To find the radius of curvature at a point where 
the depth of spandril, Y C = a;, is given; divide the area found by 
Rule II. by the depth of spandril; that is to say, let r be the 
radius of curvature at 0; then 



r = - 



'Ix 



The radii of curvature at the crown, A, and springing, B, are as 
follows : 

AtA,ro = — ^^— ; at B, r^rr^^^^^^. 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of approximation 
by drawing a series of short circular arcs. 

Rule V . — To draw, approximately, the figure of a hydrostatic 
rib with three radii only. By Rule IV., find the radii of curva- 
t'^"** *o> ^v ft* ^® crown and springing. From the crown. A, 
draw vertically A C = Tq; and from the springing, B, draw 
horizontally B D = r^. C and D will be the centres of curvature 
for the crown and springing respectively. 

About D, with the radius DE=:FA — BD, describe a circular 
arc, and about 0, with the radius E = C F, describe another 
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<drcular arc; let E be the point of interseotioii of those aros; this 
will be a third centre; and two more centres will be similarlj 
situated to D and E with respect to the other half-rib« 

Then about C, with the radius C A, dvaw the 
circular arc A G till it cuts C E produced in G ; 
about E, with the radius E G = F A, draw the. 
circular arc G H till it cuts E P produced in 
H; about D, with the radius D B, draw the 
circular arc H B. This completes one half-rib, 
and the other is drawn in the same manner. 

The curve thus drawn falls a little beyond 
the true hydix)static rib at G, and a little 
within it at H. 

10. A Rib of any Figure, under a Vertical load 
dist/nbuted in any manner, being given, it is 
always possible to determine a system of hori- 
zontal pressures, which, being applied to that 
rib, will keep it in equilibrio. 

Rule L — To find the total horizontal pres- 
sure against the rib below a given point. In fig. 80 let C be anjr 
point in the rib, and A its crown. 




Fig. 79. 





'Y 


4 




'Z^ 




' 


h 


«rf 


^ c 

J. 


;« 


X: 




Fig. 80. 



Fig. 81. 



In the diagram of forces, fig. 81, draw o c parallel to a tangent 
to the rib at C. Draw the vertical line o 5 as a scale of loads, on 
which take o ^ = P to represent the vertical load supported on the 
arc A C. Through h draw the horizontal line h c, cutting o c in c/ 
then c = T will be the thrust along the rib at C, and hozss'EL, 
the horis^ontal component of that thrust, will be the total horimmtal 
pressure which nwst he eoBerted against Q ^ the pari qf ik^ rib 
bdowQ. 

At the crown, A, the preceding Eule fails; and the fbllowiijg ia 
tobeusQd. 

BuLE II. — To find the thrust at the crown of the rib; mnltip^ 
ilie radius of curvature at the crown by the vertical load, per lianl 
tmit of span there. 
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BmJB TTr — ^To find the horizoiital pressure required in a given 
layer of the spandril. 

Let O (figi 80) be a point in the rib a short way below C. In 
the diigiam of forces (fig. 81) draw o d parallel to a tangent to the 
lib at C; on the vertical scale of loads take, o h', vertical load 
on the arc AC; draw the horizontal line h' d cutting od ia<f. 
Then o c^=siy is the thrust along the rib at C; and h'e'=z W, the 
horizontal component of that thrust, iq the horizontal pressure 
which must be exerted against the part of Uie rib below C H being, 
as before, the horizontal component of the thrust at C, the difference 
H — H' will represent the hoiizontal pressure required to be 
exerted through the horizontal layer E K C 

If H dimmishea in gomg chwntoards, as in the example given, 
preaaure from withofU is required through the layer. Through 
those layers at which H increases in going downtoa/rds, either tension 
from wUhotU, or pressure from within, is required to keep the rib 
in equilibrio. 

Bulb IV. — ^To find the greatest horizontal thrust, and the 
"point of rupture," and ''angle of rupture." 

Through o, in fig. 81, draw a number of radiating lines, such as 
oCf o&y &c, parallel to the rib at various points, as C, C, &c, and 
find, as in Bules I. and III., the lengths of those lines so as to 
represent the thrust along the rib at the several points C, C, &c. 
The length of the horizontal line, o a, representing the thrust at 
the crown, is to be calculated as in Rule II. Through the points 
a, c, <f, &c,y thus found, draw a curve. Find the point, d, in that 
curve which is farthest from the scale of loads, ^o 6; then the 
horizontal line dh^l^Q will represent the maximum horizontal 
thrust. 

Join d, and find the point, D, in fig. 80, at which the rib is 
parallel to od; this is the ''point of rupture," or point at which 
the horizontal thrust attains a maximum; and the "angle of 
rapture" is the inclination of the rib at that point, or .^ doa,va 
fig. 81. 

The horizontal plane D F is the upper boundary of that part of 
ihe spandril which exerts the maximum horizontal pressure Hq. 

SEcnoN m. — Stability op Masoney. 



1. yiiiMMt) •f KaMh wmd Watwr against IVallik— EULE I. — The 

Csnire o/Fresstire of a rectangular vertical plane pressed by a mass 

o 
of water or of earth is at ^ of the total depth down from the upper 

mufiuie of the water or earth. 

Bulb IL — ^The Direction of the Pressure against a vertical plane 
isy for water or a bank of earth in horizontal layers, horizontal; 
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for a bank of earth in uniformly sloping layers, it is sensibly 
parallel to the slope. 

E.ULE III. — To find the amount of the pressure of water against 
each foot in breadth of a vertical plane; multiply the half-square 
of the total depth by the heaviness of water (62-4: lbs. to the cubic 
foot). 

For the heaviness of earthy see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as fJEur as 
practicable, to be ascertained by observation on the spot : — 



EARTH. 



Dry sand, clay, and mixed \ from 

earth, } to 

Damp clay, 

Wet Clay, j ^^JJ 

ShiDgle and gravel, | f^ 

p-t. -l^S 



Angle 

of 
Repose. 



21° 

14° 
48' 

K 

14° 



Co-efficient 

of 

Friction. 



075 
0-38 
I '00 

0-31 
0*25 
I'll 
070 

I'O 

0-25 



Cnstonuiry 
designation of 
Natural Slope: 

1 -T-/tO 1. 



1*33 to I 
2*63 to I 

I to I 
3*23 to I 

4to I 
0*9 to I 
1*43 to I 

I to I 

4to I 



The most frequent slopes of earthwork are those called 1^ to 1, 
and 2 to 1, corresponding respectively to the co-eificients of friction 
0*67 and 0-5, and to the angles of repose 33^° and ^^^^ nearly. 

Rule IV. — To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows : — 

In fig. 82, from one point, O, draw two straight lines, O M X 

and O K, making with each other 
the angle M O It = ^, the angle of 
repose, or natural slope of the earth 
About any convenient point, M, in 
one of those straight lines, describe 
a semicircle, Y It X, touching the 
other straight line in R. (This may 
be done by describing the dotted semicircle M It O, so as to find 
the point R.) Then 

Case I. — ^If the bank is in horizontal layers, the required xatio is 
O Y / 1 -sin 
OX\''l+sin^ 




•vsrx 
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Case IL — If the bank is in layers sloping at the natural slope, 
tiie required ratio is 

OR, , 

Case TTTt — ^If the bank consists of layers sloping at any less 
angle; draw O Q P, making the angle MOP- the actual slope 
of the bank; from P draw P W perpendicular to O P; then the 
required ratio is 

cos tf - J (cos^ $ — co s^ 0) 



OQ / 

ow v~ 



COS tf + ^ (cos^ ^ - cos^ ^y 



in which ^ = ^^ M O P). 

3. liMd M Ordlnarr Fonndations.— ^°^ fS»1 

First Class: rock, moderately hard; strong as) 

the strongest red brick, J ^ 

„ rock of the strength of good concrete, 3.0 

„ rock; very sofb, i-8 

Second Class : firm earth ; hard clay ; clean dry ^ 

gravel; clean sharp sand, pre- >from i to 1*5 
vented from spreading sideways, j 

Third Class: soft or loose earth; let ^ be the angle of repose; 
then; 

Rule I * — To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 



/I - sin (gV 
\1 + sin ^/ 



Rule II.* — ^When the load produces an uniformly-varying 
pressure, to find how far the centre of pressure may safely deviate 
from the centre of figure of the base of the foundation; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percussion from the centre of figure of 
base by 

2 sin 
1 + sin'^ ^ 

For a rock foundation the value of this multiplier is 1. 
Rule III.*— In the case referred to in Rule IL* to find the 
least weight of earth to be displaced by the foundation; multiply 
the total load by 

( 1 - sin d^Y 
1 + sin^ ^ ' 
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RxTLE IV * — ^In the caae referred to in Rule I.*, and when the 
locui above ground alone is given; to find the least wdght of earth 
to be displaced by the foundation; let w be the heaviness of the 
earthy and w-^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids^ if any); then divide the 
load above ground by 

1 + sm ^'2 tOj 



( 1 4- am ^ '2 _ 
1 — sin ^/ 



w 



Rule Y. — ^To find the depth of a foundation; divide the weight 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Least depth to escape injurums effects of frost = txom 3 feet to 
6 feet according to climate. 

Table op Functions op Angles op Repose. 

<p 15° 2o° 25° 30° 35° 40° 45° 

l + sin0 ^ , -,- 

2_g„^^ 1700 2-039 2-464 3-000 3-690 4-599 5-826 

1 — sin ^ _ - 

j-^j^-g— 0-588 0-490 0-406 0-333 o'27i 0-2x7 0*172 

(1 + sin ^\2 
1 , Bin ^ j 2*890 4-159 6-070 9-000 13-619 21-152 3394 

(1 - sin ^\2 
1 + sin(p / ^'346 0-240 0-165 o'l" 0*073 0*047 0-0295 

1 + sin^ ^ 
(1 - sin (pf ^'^^^ ^'^^^ 3*535 5000 7-310 11-076 17-47 

<^ — Bin yj 0-5x4 0-^87 0-283 0-200 0-X37 o-OQO 0-057 
1 + am* q^ ^ ^ ' ** •/• -^ «• 

2 sin 

0-486 o-6i2 0717 0800 0*863 0-9x0 0-943 



1 + sin2 (f> 

tan ^ 0-268 0-364 0*466 0-577 0*700 0-839 I'ooo 
cotan ^ 3732 2*747 2-145 ^732 x-428 1-192 i-ooo 

3. liood on Piled F«aiidati«iia.— Ordinary working loads on the 
heads of piles : — On piles driven till they reach firm ground, 0-45 
ton on the square inch; on piles standing in soft ground, by friction^ 
0-09 ; ordinary values of greatest load which piles will bear without 
sinking further, from 0-9 to 1-35 tons on the square inch area of 
head 
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The fi>Ilowiiig are roles applicable to pile-driTing : — 

Let P be the greatest load which a pile is to bear without sink* 
ing fisurther (in tons); 
Wy the weight of the ram used for driving it (in tons); 
h, the height fix>ni which the ram falls (in feet); 
ly the length of the pile (in feet); 
SBj the depth it is driven by the last blow (in fractions 

of afoot); 
S, its sectional area (in square inches); 
% its modulus of elasticity. 

(Approximate values of E in tons on the square inch — elm, 400 
to 600; alder, about 500; beech, about 600; sycamore, about 500; 
teak and saul, about 1,000; greenheart, 500 to 600.) 

BuLE YL — ^Given, all the above quantities except x; then 

Wh Tl 

X = 



P 4ES- 

The pile must be driven until the additional depth gained by each 
blow, of the energy W h, becomes not greater than x, as given by 
the abov e rule . 

EuuB YIL — Given, all the above quantities except W ^ the 
energy required for the final blow; then 

KuLE Yin. — Given, all the above quantities except P; then 
-, ^ //4ESWA 4E2S2a:2\ 2ESa: 

4. The ifMidi SnRp«n«a by a Screw iPiie in practice ranges from 
8 times to 7 times the weight of the earth which lies directly above 
the scarew-blade. 

5. M«rta«Mial BcafaMuice m€ Baifh. — ^Let II denote the resistance 
opposed by a stratum of earth to the pushing or dragging of a 
rectangular plane surfeuse through it horizontally; Wy theneaviness 
of the earth; ^, its angle of repose; 5, the breadth of the surface; 
ff, the depth to which its lower edge is buried; xf, the depth to 
which its upper edge is buried; Xq, the depth of the resultant of 
the resistance below the upper suiface of the earth. 

Bulb IX. — ^To find the resistance; 

•D 4 tiy sin ^ a? ^ xf^ 
008«(P ' a 
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BuLS X — To find tbe position (^ the resoltaat; 

€L giiiiMii ttT wiMi Rule XL — ^To estimate the greatest prob- 
able amount of tbe pressure of wind against a chimney or tower; 
if tbe edifice is sqnare, take the area of its vertical cross-section; or 
if ronndy take half tluit area; and multiply by the greatest known 
pressure of the wind in tbe neighbonrhood against an unit of area 
of a Tertical plane soi&ce, as measured by the anemometer. (In 
Britain that paressare is about 55 lbs. on the square foot) 

RuLS XTT. — ^To find tbe position of the resultant of that pressure ; 
find the centre of magnitude of the vertical cross-section. (See page 
S3L) If tbe edifice is pyramidal or conical, divide the difference of 
tbe outside diameter at the base and top by 3 times their sum; 
subtiact tbe quotient firom 1 ; multiply the remainder by half the 
bei^t of the edifice; the product wiU be the height of the resultant 
pressure above the base. 

Rule XIII. — ^To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower fix>m the base upwards, but 
for the part above each bed-joiiit where the thickness of the masonry 
or brickwork diminishes. 

7. SoiMiity •€ Ahmtmemtm (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

Rule XIV. — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with stabUUy of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case I. Abutments and Piers of ArcHies. — ^Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate fiirthest; the required position of the centre of pressure 
will be the centi-e of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the farthest edge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required 

Case II. Retaining WaUs, — Greatest deviation of the centre of 
pressure from the centre of figure, as fixed by practical experience 
= from 0-3 to 0*375 of the whole tiiickness of the wall at the given 
bed-joint. 

Rule XY. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
pressure at the edge to which the centre of pressure is neiu^st; in 
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Case L of Bole I. divide tunce the load by the area of the bed ; in 
Gase IL mnltiplj the breadth of the bed by once-and-chhalf the 
distance of the centre of pressure from the nearest edge of the bed, 
and with the product as a divisor, divide the load; the quotient 
-will be the required intensity. 

The intensity of pressure thus found oiight not to exceed one- 
eighih of the pressure which crushes the material of the building. 

KuLB XVL — ^To calculate the moment of stdbUUy of an abutment 
at a given bed-joint; multiply the weight of the mass of material 
above the bed-joint by the horizontal distance of a vertical line, 
through the centre of gravity of that mass, from the limiting 
position of the centre of pressure of the bed-joint. 

KuLE XVn. — To find the proper thickness for an abutment 
with a rectangular horizontal base from the following data : — 

H, the horizontal component, and Y, the vertical component, o£ 

the thrust to be resisted ; 
sd, the vertical height of the line of action of that thrust above 

the backward edge of the base of the abutment. 
5, the breadth of the abutment; 
h, its height; 

w, the heaviness of its material ; 

n, the proportion which its bulk bears to that of the circum- 
scribed rectangle; so that if ^ be its thickness at the base, 

n 117 6 A ^ is its weight; 
q, the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the base. (See Rule XIY.) 
r, the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

make ^ «^ = A- _<«-±-*)^ - = B- 

n(q z±z r)whh ' 2n {q z±z r)whh ^ 

iising q •\' riS q and r represent deviations in contrary directions, 
and gr — r if they represent deviations in the same direction; then 
the required thickness is 

r= V(A + B2)-B. 

If the thrust to be resisted is wholly horizontal, t = J A simply. 
In a vertical solid rectangular abutment n = I and r = 0. 

Rule XYIII. — To find the direction of the resultant pressure 
at any bed-joint ; let W = nwbht repi-esent the weight of material 

H 
in the abutment above that joint; then = = is the tangent of 

the angle made by that resultant with the vertical In order that 
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the abatment wmj possess sialnlity qf/ridum (that is, be safe 
against giving way by the sliding of one course of masonry upon 
another), the normal to each bed-joint ought not to make a greater 
angle with the direction of the r»ultant pressure at that joint than 
the angle of repose of fre^ masonry ; that is, £rom about 25° to 36°. 
Should horizontal bed-joints prove too obUque to the ^pressure, 
sloping bed-joints may be substituted for them. 

KxMABK. — ^In an abutm^it which has to resist a thrust ooncen- 
trated near one point, the risk of overturning is greatest at the 
base; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of application of the thrust; and it is to 
the latter joint, therefore, that Bule XYUX is to be applied. 

BuiiS XIX. — ^To find the proper thickness for a verHcal rect- 

angular reUtimng waU, of a height equal to that of the bank which 

presses it 

In each case let vf be the heaviness of the earth, ^ its angle of 
f 

repose, and let - be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Bule lY. 
of this section. Also, let h be the height of the wall, w, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness t. 



Case I. — Bank in horizontal layers: — = r— ^ — : — : 

•^ ' p 1 + sin ^' 

Letj = |;theu|=|Y^(^. 
{For a reservoir-wall, make ii/ = 624 lbs. per cubic foot; and 



i'^y 



p 
p 

Case II. — Bank in layers of indefinite extent, at the natural 



'P~ 

Make ?4^^^ = a; (g "^ J) «>' «^o» <> "'^ ^ = 6; thea 
6 qw 4: qw 



slope ^; — = 1 



I qw ^ qi 

h 



Case III. — Bank in layei*s of indefinite extent, sloping at any 



angle 6 less than ^. Find - by Rule lY. Then make 
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= -^ • coi? ^ = a: T— - f 9'+ i I ^ cob I gin I = 6; and 

^= V a + 5* - 6. 

Case lY. — Swreha/rged TToZ/.— Bank rises from wall at natural 
slope up to heigHt e above top of wall, or c + A above base; and at 
that Height has a horizontal upper surface. Let the thickness, calcu- 
lated as in Case I., be ^; the thickness, calculated as in Case II., 
t'y and the required thickness, f. Then 

ht + 2ct' 



r = 



A + 2c 



The Hrenffth of a retaining wall at its base should be tested by 
Rule XV. of this section, and the stability of friction by Rule 
XViil. ; and if the latter is found to be insufficient with horizontal 
beds, the beds may be sloped back j and then the back of the wall 
ahoidd be formed into steps, with the rise perpendicular to the 
beds. 

RuLB XX. — ^Having designed a vertical rectangular retaining 
wall, to modify its figure without diminishing its stability of 
position. 

The &ce of the wall may be either battered, stepped, or panelled, 
80 long as the centre of gravity of the part taken away does not 
fall behind a veitical line through the limiting position of the 
centre of pressure of the base. When the face has a straight or 
carved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered &ce. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight. 

Rule XXI. — For retaining walls of uniform thickness which 
lean or overhang backwards, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the thickness; then put q + r instead of q in the deno- 
minators of the expressions in Rule XIX., and they will become 
applicable, without material eiTor, to the present case. The beds 
ought to be built perpendicular to the face. 

Rule XXII. — Given, the dimensions of a wall with counter- 
forts; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 



vc-^T^- 
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8. fitoiie and Brick Arches. — KULE XXIII. — To find tHe leOBt 
jyroper thidknesafor the ardi-ring of a proposed arch ; find the longest 
radius of curvature of the arch; then take a mean proportional 
between (that is, the square root of the product of) that radius and 
a constant whose values are as follows : — 

Foot 

For an arch above ground, standing solitary between 
its abutments, o'i2 

For an arch forming one of a series of arches, with 
piers between them, 0*17 

For an underground archway in hard material (such 
as TOck or conglomerate),... 0*12 

For an underground archway in gravel or firm 
earth, 0*27 

For an underground archway in wet clay or quick- 
sand, 0*48 

Rule XXIII a. — To find the level up to which the hacking of 
the arch should be built before the centre is struck; take a mean 
proportional between the radius of curvature of the irUradoa (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the outer surface of the arch-ring. 

Rule XXIV. — For a rough approximation to the horizontal 
thrust of an arch, take the weight of the vertical load that is 
supported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon is 45°. 

Rule XXY. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rib coinciding with 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum hoiizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed arch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
throughout. 

Case II. — If the supposed rib requires horizontal pressure from 
without up to a certain point 0/ rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual arch 
is stable up to the point of rupture, but above that point it may 
be stable or unstable; and its stability must be further tested as 
follows : — 
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Fig. 88. 



In fig. 83 let B C A represent one-half of a symmetrical arch ; 
K L D E, an abutment, and C, the joint of rupture, drawn perpendi- 
cular to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a vertical 
joint. 

Find the centre of gravity of the 
load between the joint of rupture, 
C, and the crown. A; and draw 
through that centre of gravity a 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of lines, one 
parallel to a tangent to the assumed rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Should it be impossible to make the pair of points fall within the 
Hiiddle third of the arch-ring, its thickness must be increased. 

Rule XXYI. — To adapt Transformed Catenarian curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the intradoa (or inner profile) of the arch, 
and the extrados (or outer profile) of the arch with its solid back- 
mg, take two transformed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take either 
the horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the horizontal thrust; multiply the square of the 
parameter by the mean load per square foot area of spandidl (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which the depth from the 
platform to the crown of the intrados is greater than the depth 
firom the directrix to the middle of the depth of the keystone. 

Rule XXYII. — ^To adapt the figure of the hydrostatic rib to an 
atrch of masonry. (See Article 9 of the preceding section, page 
177). For the intrados take the figure of the hydrostatic rib, and 
make the arch-stones of an uniform thickness, determined from the 
radius of curvature at the crown by Eule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

BuiiE XXVIII. — To find the resultant horizontal thrust against 
a pier that stands between two equal arches, when one is loaded 
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-with a travelling load in addition to its own weight, and the other 
with its own weight only; multiply the travelling load per unit of 
span by the radius of curvature of the centre line of the arch-ring 
at its crown. 

EuLE XXIX. — To represent approximately the amount and 
distribution of the load upon any part of the centre (or temporary 
framing) which supports an arch in progress of construction. 

Case I. Circular Arch. — In fig. 84 let O A be the radius of 
the intrados, and A B a circular quadrant of which the intrados 
forms the whole or part. Conceive that the Aa^of the radius A O 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distribution of tho 
load on the part C D of the centre. 

From C draw C E || A O; bisect C E in F, from which draw 

F H II O B; draw D G || A O; 
then will D G represent the normal 
pressure on each lineal foot of tiie^ 
outer sur&oe of the centre at tha 
point D; and the shaded wkb^ 
C D G F, will represent the verti- 
cal component of the load on tbe 
centre between C and D, boih in 
amount and in distribution. 

The point H is that below which the arch-stones cease to presa 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is repi'esented by fig. 85. Bisect 
the vertical radius A in K, and conceive A K to represent 
the weight per foot of intrados; draw K L || O B; L will bo % 
point below which the stones do not press on the rib (suppoaog- 
the arch to extend so far). Let D be any point in the 
intrados; draw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load <Hk 
the centre between A and D. 

Case 11. NoTircircuia/r Arch, — Find the two points at whidi the 
intrados is inclined 60° to the horizon; conceive a circular arc 
drawn through them and through the crown of the intradoe, and 
proceed as in Case L 



J 16 O B 1i ^O 

Fig. 84. Fig. 86. 
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PAET VI. 

TABLES AND RULES RELATING TO THE STRENGTH 

OF MATERIALS. 

Section I. — Tables. 

Tablv I a. — Tenacity of Wbouoht Iron and Steel. 

Mat.t.tbj^ht.ti! IbON. 

Wire— average, 86,000 T. 

Wire — ^weak, 71,000 Mo. 

Yorksliire(Lowmoor),... 64,200 F. 52,490 F. 

„ from 66,390 \ -KT f 0'2O 

to 60,075/ (0-26 

Yotfahiiie (Lowmoor) ] 

and Staffordshire > 59,740 F, 0*2 to o'25 

rivet iron, j 

Charcoal bar, 63,620 F. o'2 

Staffordshire bar,... from 62,231) ^ f '302 

to 56,715/ t'i86 

Yorkshire bridgeiron,... 49,930 F. 43,940 F. '04; '029 

Staffordshire bridge iron, 47,600 F. 44,385 '04; '036 

Lanarkshire bar,... from 64,795) -j^- / '^S^ 

to 51,3271 1-238 

Lancashire bar, from 60,110) ^ / '1^9 

to 53,775/ r2i6 

Swedish bar, from 48,933 ) -rt / '264 

to 41,251/ ^- 1-278 

Russian bar, from 59,096) ^ / '153 

to 49,564/ ^' 1-133 

^tS:Js,!!?."..^^} 55,878 N. .66 

Hammered scrap, 53,420 N. '248 

Angle-iron from ) fix)m 61,260 ) -^j. 

various districts, J to 50,056) 



192 



STRENGTH OF MATERIALS. 

Table — continued. 



Description of Material 

Straps from vari- ) from 
OTIS districts, ... / to 
Bessemer's iron, cast ) 

ingot...... J 

Bessemer's iron, ham- ) 

mered or rolled, .... J 

Bessemer's iron, boiler ) 

plate, J 

Yorkshire plates, . . . from 
to 
Staffordshire plates, from 
to 
Staffordshire plates, ) 
best-best, charcoal, J 
Staffordshire ) from 
plates, best-best, J to 
Staffordshire plates, best, 
Staffordshire plates, ) 

common, j 

Lancashire plates, 

Lanarkshire plates, from 

to 

Durham plates, 



Tenacity in lbs. per Square Inch. 
Lengthwise. Crosswise. 



55,937 I ^ 
41,386/ ^• 

41,242 W. 
72,643 W. 



68,319 

58,487 1 
52,000 f 
56,996 ) 
46,404 j 

4S,oio 

59,820 

49,945 
61,280 

50,820 

48,865 
53,849 I 
43,433 j 
5M45 



W. 

1^ 55,033 . 
' 46,221 

^•44,764) 
F. 41,420 

F. 54,820 
F. 46,470 
F. 53,820 

F. 52,825 

F. 45,015 
I^ 48,848 ) 

* 39,544 j 
K 46,712 



tritimate 
Extension. 



f -108 
1-048 



K 
K 

F. 

F. 
F. 
F. 

F. 

F. 



•109; -059 
•170; 113 
•04; -034 
•13; -059 
•05; -045 

•05; -038 
•067; -04 
•077; '045 
•05; 043 
•043; -028 
r -033; -014 
I -093; 046 
•089; '064 



Effects of Reheating and Rolling. 

Puddled bar, 43,904 

The same iron five 

times piled, reheated )- 61,824 

and rolled, 

The same iron eleven 

times piled, reheated ^ 43,904 

and rolled, 



a 



Strength 0/ Large Forgings. 

Bars cut out of ) from 47,582 ) 
large forgings, j to 43,759 j 



K 



Bars cut out of large ) .^ j^ 
forgmgs, J ^^' 



44,578 
36,824 



•231; '168 
•205; '064 



TENACITY OF IBON AND STEEL. 
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Table — continued, 

T^ --i-A. • •>« ^ -1 1 Tenacity in Iba per Sqnare Inoh. 

Description of Material Lengtiiwise. ^rosswiae. 

Steel xsd Steely Iron. 

Caststeelbars,rol- ) from 132^909 ) ^ 

led and forged, j to 92,015 j 

Cast steel bars, rolled 1 , ,q qqq t> 

and forged, J ^' 

Blistered steel Lara, I ,0 208 V 

rolled and foi^ged. . . , j ^^ ^ 

Shear BtedUra,roUed) ^^g ,3 j^^ 

and forged, j '^ 

Bessemer a steel bars, \ jjj a^. "N" 

rolled and foiled, ) 

Besaemer'a steel bars, ) ^ ^ 

cast ingots, j ^' ^ 

Besseraer'a steel bars, ) ^-2^,3 xy 

hammered c»r rolled, / ^ '^ 

Spring steel bars, bam- ) ^^ -^^ ;fT 

mered or roUed,.... / ' "'^^^ ""• 

HomogeneoT^ metal) . j^ 

bars, rolledj \ ^ ' ^' 

Homogeneous metal) ^ ^ -a 

ba4 rolled, } 93,ooo P. 

Homogeneona metal ) o^ ,-2 >r 

bars, forged,.. j ^'' ^ 

Pnddled steel 1- ^, .0 . \ 

forged, j *« ^"'7^«J 

Puddled steel bars, ) ji 

rolled and forged,,,, } 

Puddled steel bars, ) -»-- 

rolled and forged,, . . / ^^' ' ^^ ^' 

Husbet'a gun-metal, 103,400 F. 

Cast steel plates,, »>, from 96,289) -m^ 9'Jt3oS) ^^ 

to 75,594/ ^-69,082/ ^• 

Cast steel plates,... bard, 102,900 ) j, 
soft, 85,400 J 

Hoiiiogeneou. metell gf -yggSoj 

plates, second quality, J ' '^ -^ '*''*^ ' 

Puddled ateel ) from 102,593 ) ^ 85,365 ) ^ 

plates, / to 71,532/ ■'^•67,686/ ■"• 

Paddled steel plates,.... 93,600 F. 

o 



Ultimate 
Extension. 



•052 
•153 



•09J 
'I35 
•055 



•i8o 
•137 

•119 

f-i9i 
V091 



0-034 
•057; -096 
•198; '196 
•031 
•031 

j -086; -144 
I -059; -032 

r -028; -013 
) -082; -057 

0-I2S 
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Table — corUintted. 

Coleford Gun-metal. 

Weakest, 108,970 'j « '190 

StroDgest, 160,540 > F. -030 

Mean of ten sorts, i37>34oj 'o'j2 

In the preceding table the following abbreviations are nsed for 
the names of authorities : — 

C, Clay; F., Fairbaim; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier & Sons; R., Rennie; T., Telford; W., 
Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a mat^ial for 
resisting shocks. 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus '082; "057), the first denotes 
the ultimate extension lengthwise, and the second crosswisa 



Table Ib. — Resilience op Iron and Steel. 

Metal under TensioiL i^^^ ^^rldng Modnln. Modidn. 

Tenacity. Tenacity. EhMBtlcity. BesOienoe. 

Cast iron — ^Weak, i3>4oo 4>467 14,000,000 i'425 

„ Average, 16,500 5,500 17,000,000 178 

„ Strong, 29,000 9,667 22,900,000 4*08 

Bar iron — Good average, .. 60,000 20,000 29,000,000 1379 

Plate iron — Good average, 50,000 16,667 24,000,000? 11*57? 

Iron wire — Good average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000,000 31*03 

„ Hard, 132,000 44,000 42,000,000 46*10 

In the above Table of Resilience the working tenacity is for a 
*'dead" or steady load. The modulus of resilience is calculated 
by dividing the square of that working tenacity by the modtdus of 
elasticity. 

* The experiments whose extreme results are marked K. were coDdneM 
for Messrs. R. Napier & Sons by Mr. Kirkaldy. For details, see Trantae- 
thns qf the Institution of Engineers m Scotland, 1858-59; also Kirkaldy On 
the Strength ofirm and Steel. 
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I. 

Table op the Resistance op Materials to STRErcHiNa and 
Teabinq by a Dibect Pull, in pou/nds amnrdupoia per agua/re 
mck, 

T««-*;*w Modulus of 

Tenaatf, Elasticity, 

Matebials. or Resistance to ^j Resistant to 

Tearing. Stretching. 

Stones, Natubal and Abtipioal: 

&^nt,} : »«°*«30o 

Glass, 9>400 8,000,000 

g, r 9,600 13,000,000 

* • ** (to 12,800 to 16,000,000 

Mortar, ordinary, 50 

Metals: 

Brass, cast, 18,000 9,170,000 

„ -wire, 49,000 14,230,000 

Bronze or Gun Metal (Copper 8, ) ^/r ^ ^ ^^^ 

Tin i), ......f...... J 30,000 9,900,000 

Copper, cast, 19,000 

„ sheet, 30,000 

„ bolts, 36,000 

„ wire,...., 60,000 17,000,000 

Iron, cast, Tarioos qualities, \ . ?!5'1?? 4.^ «1'^^'^^^ 

' * ^ ' (to 29,000 to 22,900,000 

„ average, 16,500 17,000,000 

Iron, wrought, plates, 51,000 

^ joint^ double riyetted, 35>7oo 

^ „ single livetted^ 28,600 

ff bars and bplts, | ^ J°|^^ } 29,000,000 

„ hoop, best-best, 64,000 

f ^0.000 ) 

" ^^' {toiooiooo/ "5,300,000 

„ -wire-ropes, 90,000 15,000,000 

lead, sheet, 3,300 720,000 

Steel bars, j , '^''^^^^ ^ 29,000,000 

, ... . \ ^ 130,000 to 42,000,000 

Steel plates, average, 80,000 

Tin, cast, 4,600 

Zim^ • 7,000 to 8,000 
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T««o«tHr Modnlm of 

Tenacity, Elastidty, 

Matkbials. or Resistance to „ ResbtanoJ to 

Teanng. Stretching. 

Timber Ain> other Orgaitic Fibre: 

Acacia, false. See " Locust." 

Ash (Fraodrms excdsior), 17,000 1,600,000 

Bamboo {Ba/mbuaa a/rv/ndinoLcecb), 6,300 

Beech (Fagv^s sylvatica), 1 1,500 1,350,000 

'Birch {BetiUa cUba), 15,000 1,645,000 

Box {Bvacua sempervi/rens), 20,000 

CedarofLebanon((7ec?r^^Z^&cm^}, 11,400 486,000 

Chestnut {Castavm Vesca), 1. | ^ 11'^ } 1.140,000 

Elm {Ulmv^ campestris), ^^^^^ { ^ 1,3^!^ 

Kr:B.dPine(m^.y?^^^), {^ JJJ- ^\^^^ 

- Spruce (^Jieaeo^a), ^ ..,400 {to Jl^^ 

B[awthom(CVa^cB^2^0a5yaca7i<Aa), i o, 500 

Hazel (ijorylus Avdlana), i8,ooo 

Hempen Cables, 5,600 

Holly {Ilex A quifoliwm), 1 6,000 

Hornbeam {(Jarpinus Betutui), , . . 20,000 

Laburnum {Cytisua Lahumwrn^j 10,500 

Lancewood {GiuxUeria virgcUa), 23,400 

Lignum- YitsB ifhmiacfwm, offid- ) n 8 o 

wa^c), J ^ 

Locust {Eohirda Fseudo- Acacia), 16,000 

Mahogajij (Stoiefenia Mahagoni), < . 21*800 ( ^>255,ooo 

Maple {A cer campestris), 1 0,600 

Oak, European \Quercu8 aessili- ( 10,000 1,200,000 

JloraandQuerciis pedimcidata), ( to 19,800 to 1,750,000 
„ American Red (Qiierciis ) 

rubra), ZZ.....] ^°'^5o a,i5o,ooo 

Sa\il (Shorea robustd), 10,000 2,420,000 

^jQaiTCL0ve{AcerP8eu(h'Platanu8\ 13,000 1,040,000 

Teak, Indian {Tectona grandis), 15,000 2,400,000 

„ African, (?) 21,000 2,300,000 

Whalebone, 7,7oo 

Yew {Taxua hacccUa), 8,000 
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11. 

Table of the Resistance of Materl/lls to Sheabikg and 
Distortion^ in potmda avoirdupois per square inch. 

ResistaDce Elasticity, 

MATEBI1L8. to^ ^, Besiston^ to 

Metals: Sheanng. DistortioiL 

Brass^ wire-drawn, .f? 5>33o>ooo 

Copper, '. 6,200,000 

Iron, cast, 27,700 2,850,000 

, . w f 8,500,000 

- ^^gH 5°>°°°{ to 9,500,000 



Fir: Red Pine, Sooto 800 I. ^^'^^^ 

' *' [to 110,000 

„ Spruce, 600 

„ I^rch, 97oto 1,700 

Oak, 2,300 82,000 

A.8handElm, 1,400 7^,ooo 



III. 

Table of the Resistance of Materials to CRUSHiNa by a 

Direct Thrust, in pounds avoirdupois per squa/re inch, 

Resistanoe 
Matr-rtatj^ . to 

Cradling. 

Stones, Natural and Abtoigial: 

Brick, weak red, 550 to 800 

„ strong red, .'. 1,100 

„ fire, 1,700 

Chalk, 330 

Granite, 5>5oo to 11,000 

limestone, marble, 59500 

„ granular, 4,000 to 4,500 

Sandstone, strong, 5)5oo 

„ ordinary, 3,300 to 4,400 

„ weak, 2,200 

Rubble masonry, /about fonr-tenths of cut stone. 

Metais: 

Brass, cast, 10,300 

Iron, cast, Tarious qualities, 82,060 to 145,000 

^ „ average, 112,000 

I, wrought, , about 36,000 to ^o^^^^ 
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Resistance 
Materials. to 



^ jyijy crushed along the grain : 

Ash, 9,000 

Beech, 9>36o 

Birch, 6,400 

Blue-Gum {Eucalyptus Globulus), 8,800 

Box, A 10,300 

Bullet-tree {A ckras Sideroocyhn), 14,000 

Cabacalli, 9>9oo 

Cedar of Lebanon, 5,860 

Ebony, West Indian {Brya Ehenus), 1 9,000 

Elm, 10,300 

Eir: Bed Pine, 5,375 to 6,200 

„ AmericanYellowPine(Pini«vana5i^w), 6,400 

„ Larch, 5,570 

Hornbeam, t 7>3oo 

Lignimi-Yitse, '. 9,900 

Mahogany, 8,200 

Mora {Mora eoccdsa), 9>90o 

Oak, British, 10,000 

„ Dantzic, 7>7oo 

„ American Bed, 6,000 

Teak, Indian, 12,000 

"Water-Gum (Tristama neri/olia), 1 1,000 



TV. 

Table of the Eesistaitce of Materials to BREAEiNa Across, 
in paumd8(W(nrdupoi8 per square inch. 

Resistance to Breaking, 
Materials. or 

' Moduhui of Biiptiire.t 

Stoites: 

Sandstone, 1,100 to 2,360 

Slate, 5,000 

* The resistances stated are for dry timber. Green timber is mnoh weaker, haTing 
iometimes only half the stren^h of dry timber against cmshinjg. 

f The modmns of mptnre is eighteen times the load which is reomred to break a bar 
of one inch square, supported at two points one foot apart, and Ioadfid~ in the middk 
between the points of support 
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IMittBee to Breaking^ 
Hatkbzalb. or 

Modulus of Baptoie. 

Metals: 

Iron, cast, open-work beams, average, 17,000 

„ yy aolid rectangular bars, var. qualities, 33,000 to 43,500 

w w » w average, 40,000 

„ ivronglit, plate beuns, 42,000 

TnoEB: 

Ash,. 12,000 to 14,000 

Beech, 9,000 to 12,000 

Birch, 11,700 

Blue-Gum, 16,000 to 20,000 

Bullet-tree, 15,900 to 22,000 

CJabacalli, 15,000 to 16,000 

Cedar of Lebanon, 7^400 

Chestnut, 10,660 

Cowrie {Dcmiman'a australis), 11,000 

Ebony, West Indian, 27,000 

Elm, 6,000 to 9,700 

Eir: Red Pine, 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ I^urch, 5,000 to 10,000 

Oreenheart {N'ecUmdra Modum), 16,500 to 27,500 

Lancewood, 179350 

Lignum- Yitse, 12,000 

Locust, 11,200 

Mahogany, Honduras, xi,5oo 

„ Spanish, 7,600 

Mora, 22,000 

Oak, British and Russian, 10,000 to 13,600 

„ Dantzic, 8,700 

„ American Red, 10,600 

Poon, i3»3oo 

Saul,... , 16,300 to 20,700 

Sycamore, 9,600 

Teak, Indian, 12^000 to 19,000 

„ African, 14,980 

Tonka (Dipteryx odorata), 22,000 

Water-Gum, 17,460 

Willow {ScUix, various species)| •••*••• 6,600 
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Y. — SUPPLEMEKTARY TABLES FOB WROUGHT IrON AND StEEL. 

Mean results of experiments by W. H. Barlow^ Esq., F.RS. : — 



Tenacity. 
Lbs. on the 
Square Inch. 



Proof Straneih, 
TransTersely 

Loaded. 
Lba on the 
Square Inch. 



95,233 
116,336 



Paddled steel, specimen I.,..; 
„ specimen II.,... 

yj » I 

cast in ingots, / 

Paddled steel, specimen III., — 

„ specimen lY., — 

„ specimen Y.,.. — 

Homogeneoas metal, 1 00,994 

" iron, 69,456 



101,753 — 

— 60,000 

— 63,750 
52,500 
57,500 
52,500 



Hodulns of 

Elasticity 

under Tnms- 

▼erseLoad. 

Lbs. on the 
Square Inch. 



62,500 22,964,000 



20,S44,ooo 
24,802,000 
22,846,400 
23,833,600 
22,846,400 



"Weight of a cubic foot of puddled steel, 485*5 lbs. ; of steely- 
iron, 483-6 lbs. (See the Engineer of 3d January, 1862.) 

scrength of Gold-rolled Iron. — The following results were obtained 
in some experiments by Mr. Fairbaim on the tenacity of iron. 
(See Manchester Transactions, 10th December, 1861.) 



Tenacity. Ultimate 

Lbs. per Square Inch. Extension. 

Black bar,.. 58,627 '200 

Same bar iron, turned, 60,747 -220 

Same bar iron, cold-rolled, 8 8, 2 2 9 -079 

Cold-rolled plate, 114,912 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Modulus of 
Lbs. on the Lbs. on the Elasticity.— Lb& on 

Square Inch. Square Inch. the Square Inch. 

Hard steel, Tintempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34,100 24,500,000 

„ tempered, 121,700 105,800 28,3ooyooo 

The column headed " limit of elasticity" gives the tension up to 
which the elongation was sensibly proportional to the load. The 
results marked (?) are doubtful, because of discrepancies amongst 
the experiments of which they are the means. 
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YL — SUPPLEHENTABY TaBLE FOB CAST IbON. 



Kinds of Irrav 



Taoaclty. 



to Dlmct 
CJiubIlIi^ 



ModoliiBof 
Bob tare 
of Squoro 



of 




No- 1. Cold blast, 

No. 1. Hot blastj 

No* 2. Cold blastj, 

No. % Hot bUst, 

No, 3. Cold blast, \^^°^ 

' Jto 

No, 3, Hot blast, r^^^ 

No* 4, Smelted by coke 
withoat Bulphur,,.,.„,,^ 

Tougbened cast irou, J.™ 

No, 3. Hot blast after first^ 
meltiDg .,.., I 

No, 3, Hot blast after ^ 
twelfth melting, ' 

No, 3. Hot blaat after; 
eigbteenth meltiog, *,,^ 

Malleable cast iroD, .,,.„**,,. 



12,694 
17466 
13434 
16, 125 
X3»34S 

13*505 

14,200 
15,508 
15,278 
2346S 



2346 r 
25,764 



80,561 

88,741 

68,532 

102,408 

^2,734 
102,030 

76,900 
115,400 
101,831 
104,881 



129,876 

U94S7 

93,560 

i^3j744 
197,120 



36^693 

39t77r 
29,889 

35^31'^ 
33,453 
39,609 

38^394 

47,061 
35,640 
43497 

4T|7r5 



39^690 
56,060 

25^350 



14,000,000 
15,380^000 
11,539.000 
15,510,000 
13,586,000 
17,036,000 
12,259,000 
16,301,000 
14,281,000 
22,908,000 
15,852,000 
22,733,000 



48,000? 



It is to be understood that the numbers in one line of the pre- 
ceding table do not necessarily belong to the same specimen of iron, 
each number being an extrevne result for the kind of iron specified 
in the first column. 



Vn.— .Resistance of Timbeb to Twisting. 

Modnlas of Rnptore Modnlns of Tran»» 

by Wrenching. Terse Elasticity. 

Ll)6. on tie Square Lbs. on the Sqoaro 

Inch. Inch. 

Red Pine of Prussia, i>54o 116,300 

„ of Norway, » 950 61,800 

Elm, i>39o 76,00a 

Oak (of Normandy), 2,350 8 2,400 

Ashy • 1,460 '}6)QQ<> 



203 STBENGTH OF MATERIALS. 



VIII. 

Supplementary Table op Properties op Timber grown in Cetlon; 

SELECTED AND C0MPX7TED FROM A TaBLE OF THE PROPERTIES OF 
NINETY-SIX KINDS OF TiMBER BY MoDUAR ADRIAN MEZn>IS. 

Modnlosof Modulus of ur^j,*^*. 

Square Inch. Square Inch. 

Aludel {Artocarpw puhescens),... 1,850,000 12,800 51 

Burute {Ghloroxyhn Stmetenia), 2,700,000 18,800 55 

Oaha Milile ( Vitex aUissima ?),... 2,000,000 1 3,900 56 
Caluvere. See"Ebonjr." 

Cos {ArtoccMrptia mtegrifolia), 1,810,000 11,000 42 

"Ebony OT Caluvere (Diospyros \ ,^^^^ ^^^ ^, 

sdnus), Z...\ ^.360,000 13,000 71 

Oal or Hal Mendora ( Fofena ) ^ ^^ ^ ^ 

sp,—^) r ^>530'®oo 13,300 57 

Hal Milile {Berrya AmmoniUa), 970,000 15^200 48 
Ironwood. See " Naw." 
Jack. See " Cos." 

Mee (Bassia longifolid), 1,880,000 13,000 61 

Meean Milile (Fi^eo; a^<w«i7na),... 2,040,000 14,200 56 

N&w {Mesua Nagaha), 2,580,000 17,900 73 

Palmira. See " Tal." 

Paloo (^Mimiisops heocandra), 2,430,000 18,900 68 

Satinwood. See " Burute." 

Sooriya {Thespesia popidea), 2,6 10,000 1 2,700 43 

Tal (BorasausJlaMltformis), 2,810,000 14,700 65 

Teak {Tectona grandis), 2,800,000 1 4,600 55 

Additional Data from the Experiments of Caftajn Fowki^ 
R.E., Captain Mayne, R.E., and Modliar Mendis. 
Teak from Johore (Malay Peninsula),' 1 9,400 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 42 

lxon'ha.rk(E7zcalypttL8 — ?)from ) , ^ 

Australia, , } 9^4,000 24,400 64 

Iron-bark, rough-leaved, 1,1 57,000 a 2,500 64 

Jarrah, or "Australian Mahog- ) ^^ o 

fmf' {Eucalyptus-T) |i,i57,ooo 20,238 59 

Stringy-bark (Eiiccdypttis gi- \ ^ ^ 

j,a^) from Austmlia, ...:.. I ^.Top.ooo 13,000 ^4 
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* 

IX. — SUFPLEMENTARY TaBLB FOB StONE^ LiME, AND CeMENT.* 

OniaUnff Stress in lbs. 
on the Bquare Inch. 

Grani^acke from Penmaenmaur^ ^^^93 

Basalt, Whinstone, ii>97o 

Granite ^Mount Sorrel), 12,861 

„ (Argyllshire), 10,917 

Syenite (Mount Sorrel), 11,820 

Sandstone (Strong Yorksliire, mean of 9 experi- 
ments), 99B24 

„ (weak specimens, locality not stated), 3,000 to 3,500 

Limestone, compact (strong), 8,528 

„ magnesian (strong), 79O98 

„ „ (weak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Eairbaim's experiments further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only aix-sevevUhs of the resistance to crushing in a direction perpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally cruSies them, in a proportion which 
ranges from a fraction little less than unity in the harder stones, 
down to about one-JudfiD. the softest. 

A Yeak aot a Half apteb Mixture. ^S?Sq^il?ci^ 

Mortar of Lime and Eiver-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Pit-Sand, 580 

„ „ „ beaten, 800 

Hydraulic Mortar, of lime and pounded tiles,... 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Yeabs after Mixture, the increase of strength is ia 
the following proportions : — 

For common mortar, ••• i-8th. 

For hydraulic mortar, i-4th. 

Six Months after Mixture. Lbs. on 

ttie 

Adhesion of common mortar to compact lime- Sq. in. 
stone, • 15 

Adhesion of common mortar to brick,.. .••...•••« '^% 

• See page 305. 
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One Yeab after Mixture. J^q^JS^^ 

Good hydraulic lime, 170 

Ordinary hydraulic lime, < ^^ ^^® 

Bich lime, ,. 40 

Good hydraulic mortar, 140 

Ordinary hydraulic mortar, 85 

Good common mortar, 50 

Bad common mortar, • 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, 1,200 to 1,550 

X — ^Miscellaneous Supplementary Table. 



Material 



DixnensionB. 



Tearing 
Load, 



Length of 

lib. weight, 

in feet 



Tenacity in 
feet of the 
Material 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong,.... 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

Hempen rope, cable-laid. 

Silken thread, < 

Flaxen thread, 



I m. X I m. 

area i sq. in. 
girth 1-27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0*000x15 

sq. in. 

unknown. 



130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

6 

6 



0*297 

0-3 

6-0 

0-3 

0-3 

3-0 

4-0 

26*0 

0*279 

19,950 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27i3oo 

18,750 

119,700 

95,000 



Modulus of elasticity of silken thread ; 
3,000,000 feet of itself = 1,300,000 lbs. on the square incL 

Modulus of resilience of silken thread; 

473 foot-lbs. for a cord weighing 2 lbs. ; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk-worm gut, in lineal feet of itself, is about 
the same with that of silken thread. 
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Royal Navy Canvas. 

Mean of Noa Mean of Nos. 
1, 2, 8, 4, fi, and 6. 7 and & 

Tenacity of warp in lineal feet of canvas^ 21,552 27,200 

Tenacity of weft in lineal feet of canvas, 30,788 32,000 
Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of the 

tenacities of the warp and weft, 5 2,340 59, 200 

(The above are from the Troms, of the InatUtUion of Engineers in 
Scotland for 1865-6, on the authority of Professor Bankine, Mr. 
Peter Carmichael, and Mr. John P. Smith.) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium^ 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factory : — 

Specific gravity, 7*68; heaviness, 480 lbs. per cubic foot. 

Tenacity, 73,000 lbs. per square inch. 

Besistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim, 269,000 



Section II. — Rules. 

1. Vacton of tktfelj and Blodiili of Strength :— > 

Dead Load. LIto Load. 
Factors of safety for perfect materials and ) 

workmanship, J ^ 

. For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees, and that remains steady; such as the weight of the 
structure itself. 

A live load is one that is put on suddenly, or accompanied with 
vibration; such as a swift train travelling over a railway bridge, 
or a fofce exerted in a moving machine. 

BuLE L — Given, the proportions of live and dead load on a 
fitructure; to find the factor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number proportional to 
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the dead part of the load, and the £gtctor of safety for a live load 
by the number proportional to the live part of the load; add 
together the products^ and divide by the sum of the multipliers. 

£zAMFLE. — ^In an iron bridge, suppose dead load : live load 
: : 5 : 4 j then (3 x 5) + (6 x 4) = 39; and 39 ^ (5 + 4) = 4^, 
Victor of safety for mixed load. 

Bulk IL— Given, the breaking load of a piece of material; 
to find the proof load; divide by the £su^r of safety for a dead 
load. 

RuiA HL — Given, the intended worhmg load on a piece of 
material; to find the least proper breaking load; multiply by the 
proper fiictor of safety as found by Rule L 

Ruix lY. — To find the working modidus or co-efficient of strength 
of a given piece of material; divide the modulus or co-efficient of 
vlUmaie strength by the proper &ctor of safety. (The co-^cients 
in the tables of the preceding section relate, with a few exception]^ 
to idtimate strength, or bres^ing load.) 

2. ijBif«ni TeMi«B.— E.ULE Y. — To find the intensity of the stress 
on a bar bearing a tensile load; divide the load by the sectional 
area of the bar. 

Rule YI. — ^To find the breaking load, or the working load^ of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (having due regard in the latter case to the proper fiictor of 
safety). 

Rule YIL — To find the sectional a/rea of a bar to bear a given 
load; divide the load by the proper modulus. (See Rule lY.) 

Rule YIII. — To find the proportioruUe extension of a stretched 
bar; divide the intensity of the tensile stress by the ^^modvius oj 
etasticiJtyr (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

N.B. — This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

Rule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modulus of resilience by half tie volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load traverses the centre of each cross-section of 
the bar. 

3. iTnifomiir Tarjring Tenrion. — When the resultant of the 
stretching load does not traverse the centre of the cross-section of 
the bar, the intensity of the stress will sensibly vary at an uniform 
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rate; and will be least at that edge of the section from which the 
resnltaDt deviates^ aod greatest at that edge totDords which the 
resultant deviates. The mean intensity will be the same with that 
given by the Bules of the preceding Article. To find the ratio 
in which the greatest intensity exceeds the mean, proceed as 
follows : — 

Rule X. — ^Find the cenh^ of magnitude of the cross-section as in 
the Rnles of pages 81, 82, 83, and 85. Then find its centre of per- 
ctueion relatively to the edge from which the resultant load deviates. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the ceni^ of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distance of the centre of magnitude firom the edge towards which 
the resultant load deviates by the distance of the same centre from 
the opposite edge. (In symmetrical sections this second quotient 
is = 1.) Multiply together the two quotients, and to the product 
add 1. (In symmetric^ sections add 1 to the first quotient.) The 
sum will be the ratio in which the greatest intensity of the stress 
is greater than the mean intensity. 

4. BeaifltaBce of Thin Shell* to Banting.— Let r denote the radiuS 
of a thin hollow cylinder, such as the shell of a high pressure 
boilCT; t, the thickness of the shell; /, the tenacity of the material, 
in pounds on the square inch; p, the intensity of the pressure, in 
pounds on the square inch, required to burst the shelL This ought 
to be taken at six times the effective working pressure — effective 
presstire meaning the excess of the pressure from within above the 
pressure from without, which last is usually the atmospheric 
pressure of 14-7 lbs. on the square inch, or thereabouts. 

Rule XI. — To find the bursting pressure of a given thin cylin- 
dricalsJidl; make 

« ^' 

HuLE XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t ^ p 

~r~/' 

Value of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbaim). 

BuLE XIII. — ^To find the bursting pressure of a thin spherical 
shdl; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material. 

RuuB XIV. — ^To find the least proper thickness for a thin 
spherical shell of a given material and radius, for a given bursting 
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pressure; take half the corresponding thickness for a qrlindzical 
fihelL 

N.B. — ^When a cylindrical boiler has hemispherical ends, it is 
advisable to make them as thick as the cylindrical barrel, notwitlh 
standing that they are thereby made twice as strong. 

KuLE XY. — Suppose a shell of the figure of a segment of a 
sphere to have a drcula/r flange round its beuse, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shell Let r denote the radius of the sphere, in inches; r', the 
radius of the circular base of the segmental shell, in inches; p^ the 
bursting pressure, in lbs. on the square inch; then the numb^ and 
dimensions of the bolts by which the flange is held should be sodii 
that the load required to tear them asunder all at once shall be 

S'UlGr'a;?; 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :— 

If the segment is a complete hemisphere, / = r, and the lasb 
expression becomes = 0. 

5. Resistance of Thick Shells to Bursting. — Let R represent the 
external and r the internal radius of a thick hollow cyunder, such 
as a hydraulic press, the tenacity of whose material ia/, and whose 
bursting pressure is p, 

EuLE XVI. — To find the bursting pressure of a given thick 
hollow cylinder; make 

^ ~"^* 112 + ^2- 

BuLE XVII. — To find the proper proportion of outside to insidd 
radius for a given tenacity and bursting pressure; make 

The corresponding formulae for a thick hollow sphere are • 

Era.xvin._ y./.?JL=^. 

6. Resistance to Shearing. — In rivets, keys, pins, bolts, treenailii^ 

and other fastenings exposed to shearing stress, the greateH wieniUjf 
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of tHe stress is liable to become greater than the mean intensity, 
througli unequal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

BuLE XX. — To find the strength of an easy-fitting fastening 
against shearing; multiply the sectional area by the modulus of 

o 

strength; then take ^ of the product if the listening is rectangular 

3 . . . 

in section, or j if it is circular or elliptical in section. 

For a perfectly tightfUting fastening the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
between easy and perfectly tight fastenings. 

Rule XXI. — Ordinary dimensions of rivets : — 

Diameter for plates less than half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring ^m the head = sum of the 

thickness of the plates to be connected + 2^ x diameter of 

the rivet. 

BniE XXI. A. — Rivetted Joints, — ^Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron; 
dy the diameter of a rivet; 

n, the number of rows of rivets transverse to the pull; 
c, ihe pitch from centre to centre of the rivets in one row; then 

^ -7854 7^6^ 

t 

Each plate is weakened by the rivet holes in the ratio 

c - d _ '7854 n d 
c " t + -7854 n d' 

In "single-rivetted" joints, w = 1 ; in "double-rivetted" joints, 
» = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch, c, is fixed; then 

_ {c^ d) t 
^~ •7854(^2- 
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7. KoatelBBce tm CompreMlon and lUrect fmlitag, "RcniqiaTiCP 
to longitudinal compression, when the proof stress is not exceedec^ 
is sensibly equal to the resistance to stretching, and is expressed 
by the same modulus. When that limit is exceeded, it beoomeB 
irr^ular. (See Rule VIII., page 206.) 

The present Article has reference to direct and simple crashing 
only, and is limited to those cases in which the pillars, blocks^ 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sideways. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions; 

Pillars, rods, and struts of cast iron, in which the length is nod 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length w 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length, is not 
more than about twenty times the diameter. 

In such cases the Rules of this Section, from V. to VIL, 
and also Rule X. (pages 206, 207), are approximately applicable^ 
substituting thrv^t for tension^ and using the proper modnluB i 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-haK thdr 
diameter offer greater resistance to crushing than that given hj 
the Rules; but in what proportion is uncertain. 

8. StrengUi of liOng Stmts and Pillan. — ^Long struts and pilkrs 
give way by bending sideways and breaking across. Let P be the 
breaking load of such a pillar; S, its sectional area; ?, its length; f, 
the least radius of gyration of its cross-section (see page 154); y*and 
c, two co-efl5cients depending on the material; then 

Rule XXII. — Eor a strut or pillar fixed in direction at both 
ends^ 

P / 

S " , Z2- 

cr^ 
Rule XXIII. — For a strut or pillar jointed at both ends; 

P / 

S "" . 4 Z2- 
cr^ 

Rule XXIV. — For a strut or pillar jointed at one eiid and fixed 
at the other; 

+ 9cr« 
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/ « 

Lbs. on fhe Square IdoIl 

36,000 36,000 

80,000 6,400 

7,200 3>ooo 



Malleable iron^ 

* Cast iron, 

Dry timber, 

Table of Yalues of r^ for Different Foshs of 
Csoss-Section. 
Solid rectangle; least dimen- ) 

sion = A; j 

Thin square cell; side = A;.... 
Thin rectangular cell; ) 

breadth, b; depth, A; ) 

Solid cylinder; (Uameter =: A; 
Thin hollow cylinder; dia- ) 



A2 4. 12. 

A2 ^ 6. 
^ h + Sb 
12' A + 6 

A2 ^ 16. 



A2 ^ 8. 

52 ^ 24. 

62 A2 ^ 12(62 + 7,2). 

A2 ^ 24. 

12 ' A + B- 



•{h 



AB 



(A + B) ' 4(A + B)a 



'B? -i- 7 nearly. 



}• 



meter = A; 

Angle iron of equal ribs; 
breadth of each = b; 

Angle iron of unequal ribs; 
greater, 6, less. A; 

Cross of equal arms; , 

H-iron; l^eadth of flanges, 
b; their joint area, A; area 
of web, B; 

Channel iron; depth of' 
flanges + ^ thicfaiess of 
web, A; area of web, B; of 
flanges. A; 

Barlow rail; cross - section 
composed of two quad- 
rants of radius E., mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area = joint 
area of quadrants x '273; 

Pair of Barlow rails as above, ' 
riyetted base to base; 

Circular segment of radius 
B and length 2 E iy 

9. RerfaaBBce of Twbes to CoUapfring.— EULB XXY.— 'Collapsing 
pressure in lbs. on the square inch = 

9,672,000 thickness^ , 
leikgth X diameter ' 
all the dimensions being in the same imits of manmro, 



{h 



•393 E* 

cos 6 sin ^ sin' § ] 



2^ 



^ 



E2 
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When tubes are stiffened bj rings, the length in the role is to 
be measured from ring to ring. 

10. ActioD of a TmBsreme I<oad od a Beam. — ^If the load Con- 
sists of several parts, find the resultant load bj the Kules of Part 
v., page 164, and Part IV., page 153. Then find the stippariing 
farces by the proper rule (XIX.) in page 163. 

BuLE XXVI, — ^To find the shearing actions exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward fix)m 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. 

For a distributed load, in symbols; lei dxhe an interval of the 
length; w, the load per unit of length; F, the shearing action at 
the distance a; inwards from the outermost loaded point; then 

F= f^'wdx. 
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Case II. — If the loaded part of the beam lies between its pointB 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; the remainder will 
be the shearing action in the interval next beyond. 

For a distributed load, in symbols; let P<, be the supporting 
pressure at the end where the calculations commence, and E the 
shearing action at the distance x from that end; then 

F=Po— {""wdx. 



■=r.-/:' 



Bemare. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the load divides (as in page 
171). At the further end of the span the shearing action is equal 
in amoimt to the supporting force at that end, but of contraiy 
algebraical sign. Let I be the span ; P;, the supporting force at its 
further end; and Fj, the shearing action close to that end; then 



F;= Po- r M;c?a;=- P,; 



and this formula serves as a check on the accuracy of the calcula- 
tions by the preceding formula. 
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Rule XXYIL — To find the bending moments exerted at a series 
of points in the length of the beam. Multiply the length of each 
interval bj the shearing action exerted in that interval; add 
together the products corresponding to the intervals which lie be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment. 

In symbols, let M be the bending moment at the distance x from 
one end of the beam; then 



"=/: 



¥dx. 



Kemabk. — The accuracy of the calculation of the bending 
moments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 
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'Fdx^O. 



KuLE XXVIII. — To find the greatest bending momemt; take 
the bending moment at the point where the load divides; that is, 
where F = 0. 

For tables of the comparative values of different umJts ofbefnding 
momefnJt^ see pages 104, 110, 113. 

11. Explanation of ihe Table of Examples. — W, total load; ^, 
length of beam fixed at one end, or span of beam supported at both 
ends; F, shearing action, and M, bending moment, at distance as'' 
from one end; a;'i, distance from one end at which shearing action, 
is greatest; A?, ratio of greatest shearing action to total load W; 
a'o, distance from same end at which F = and M = a maximum; 
m, ratio of maximum bending moment to WZ. That is to say, 
let Fj = greatest shearing action, and Mq = greatest bending 
moment; then F^ = ^W; Mq = ttiWZ. 

To transform the expressions in the following table, Cases lY. 
to VIL, which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends, into expressions 
suited for co-ordinates measured from the middle of the beam, 
let c be the halfspauy and substitute 2 c for I, c ^ x for x", and 
c + 05 for Z — i*, throughout the whole of that part of the 
table. 

12. Trareiuiig i<oad on a Beam.— A beam of the span I is sup- 
ported at the two ends; a permanent load of the uniform intensity 
of w lbs. per lineal foot is distributed over it An additional load, 
such as the weight of a railway train, of v/ lbs. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from end to end, and then rolls off at the other end. (For the 
oontinuation of this Article see page 216.) 
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Bru XXTX . — Tke €^reaied Skeaaring AeUan at a given crosB- 
wctioii occuzs Ybai tlie Ismger o£ the two s^menis into which it 
diTides the beam is loaded with the traTelling load as well as with 
the pennanait kad^ and the shorter loaded with the permaneni 
kttd on^jr. Let F denote that action, and x' the distance of the 
section in qiieBlkin firooi the neara* end of the beam; then 



p=.(|-.) + -<!^. 



Let X be the distance of the cross-section in question from the 
middle of the beam, and c the half-fipan; then 

F = wx + — ^-T ^. 

i c 

The Cfrmtmi Bmdmff MamaU at a given cross-section ocean 
when the whole sftan is loaded with the travelling load, and is 
therefoi^ given bv C^ise YL of the table; via, 

^^_ {^ + ur')x'(I — x') _ (w + u/){<^ — a^ 
^- 5 - 2 • 

BsxASK. — If the tzaTeOing load is liable to rush nuddenly on to 
the bridge, like a swift railwaj tndn, its actual weight shonld be 
dtmbM in taking the value of «i/, in order to reduce it to the 
equivalent steady load; and when this has been done, the &ctor of 
sdetv employed in further calculations may be that suited for a 
dead load. 

13. Tiw Mi tel m€ gurfUMrn of a Beam at a given cross-sectioD 
ought to be at least equal to the greatest bending moment. 

EuLE XXX. — ^In a skeleton beam, consisting of stringers and 
braces only (see fig. 7^, page 169), to find the moment g£ resist- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicular 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

Hulk XXXI. — In a Mn-webbed beam with parallel flanges 
along the edges of the web (in other words, of a thin-webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed); then multiply the lesser of the two pro- 
ducts by the perpendicidar distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance, approximaUiy, In this method the moment of resistance 
of the web is neglected. 
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N.R For the best economy of material^ the two products first 
mentioned should be equal to each other. The cross-section of the 
beam is then said to be of equal strength, 

Rule XXXII. — In a solid beamy to find the moment of 
resistance at a given cross-section : — 

Step 1. — ^Find the neutral axis of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line perpendicular to the plane in which the 
bending of the beam takes place. 

Step 2. — Find the geometrical moment of inertia of the cross- 
section relatively to its neutral axis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the square of its distance from the neutral axis, and 
adding the products together. (In Rules L, II., and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpose.) In 
symbols, let y be the distance of any strip from the neutral axis; z, 
its length parallel to that axis; dy, its breadth; and I, the geometric 

cal moment of inertia of the section ; then I = j y^zdy {=n*hh% 

where b is the breadth, h the depth, and w' a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page 211); then 1 = ^2 S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross-section; the product will be the 
required moment of resistance. 

In symbols, let y« and y^ be the greatest distances of compressed 
and stretched particles from the neutral axis; /^ andj^, the greatest 

safe thrust and tension on those particles respectively; let — stand 

f f 
for the lesser of the two quotients, — , — ; then the moment of 

resistance is ^ j 

Vi "^ 

where ?i is a factor depending on the form of cross-section. Another 
expression for the moment of resistance is as follows ;— > 
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Form of Cboss-Siegtiok 

q. 

L Bectangley g. 

n. Ellipse and circle^ ^ h^ 

o 

JTI. Hollow rectangle, -, ,,g 

S = 6A - b'h'; also I-shaped i « ^A! 

section, h' being the sum of ^ ^^ 

the depths of the lateral ^A 6' h' \ 

hollows, ^v^ "bur) 

lY. Hollow square, S = A^ - h\,.. q (l "^"Iz)- 

V» Do., very thin (approx.), -5. 

Ti Haiow .mp^ sC -1^ * - SI> 

VIL Hollow circle, \ (^ -^ ^V 

VIII. Do., very thin (approx.), 

IX. T-shaped section; flange A, fC + 4 A 

web Cj S = A + C (approx.), 6 (0 + A) (Q + 2 A) ' 

X. I-shaped section; flanges A, B; 
web C; S = A + B + C; the 

beam supposed to givewayat^.^^.^^^^^^^ ^^ 
the flange A (appix)x.), _^____L__. 

X.A. Do., do., the beam sup- 
posed to give way at the flange (.,(, ^ 4 ^ ^ 4 ^^ ^ 12 A B 

^^"PP"*^-)' 6rcT2^(ATBirc) • 

XL I-shaped section; with equal 

flanges; A=B;S = + 2A l/i. ^A \ 
(approx.), 6 V C + 2 A/ 

14. Cm— Bcctto— of Eqnai StrengUh have already been mentioned. 
The following rules are applicable where the beam is I-shaped, con- 
sisting of a vertical web, rectangular or nearly so in section, with 
flanges of small depth compared with the depth of the web, running 
Along it» upp^ and lower edge& 
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Let fa be the greatest safe thrust; ^ the greatest safe tension; 
ya and y^^ the distence fix^in the neutral axis to the centres of the 
compressed and stretched flanges respectively; ^ = ^a + ^6, the 
depth between the centres of the flanges; A and B, the sectioiud 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

Rule XXXIIL— ;^ greater than ^ (as in cast iron). Given, 

A, C; to find B; 

Bemark. — ^The moment of resistance is 

M = a{/.A + (2/._/,)5 } = A{/»B-(/.-2/;)f }. 

In practice, ^^^ B is often used as an approximation to this 
moment. 

BuLE XXXIII A.— ;/^ less than^ (as in wrought iron). Given, 

B, C; to find A; 

A=-^*-B+'^^=^a 

Bemare. — The moment of resistance is 
M = a{/»B + (2/»-/j|} = a{/.A + (2/._/»)^}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liOBgitndlnal Section* of Equal Strength* — BuLE XXXIY. — 

To give a beam a longitudinal section of equal strength, make h A*, 
or h S, at difierent points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, A, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 
to «y 31; or let S be constant, and make h vary proportionally 
toM. 

16. AllowADce for l^eiffht of Beam.— BuLE XXXY. — Let W* 

be the exteitial working load, dead, live, or mixed, on a beam; ^, its 
proper factor of safety; and let % be the &ctor of safety for a dead 
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load. Having fixed the depth beforeliaiidy calculate a pramsional 
breadth, or a provisional sectional a/rea, suited to bear safely the 
external load alone; and thence compute a proviaional vmghJt for 
the beam, — say B\ Then increase the breadth, or the sectional 
area, in the following ratio : — 

8' W 



«' W'--«B^ 



and the beam will safely bear its own weight in addition to the 
given external load. 

KuLE XXXYL — Given, the span l, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiting span, L, of a beam of the same sort, and with the same 
proportion (A -=- Z) of depth to span, which will just bear its own 
weight safely and no more. 

^ = ^*— Tb — 

Bulb XXXVIL — Given, for a certain sort of beam, with a 
given proportion, h -^ I, of depth to span, the span I, and the 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B s' I 



Ws Ij — 1 

17. DeflecUon of Beanuu— Etjle XXXYIII. — To find the curth 
altmre (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the materiaL In symbols, let r be the radius of curvature; then 

1_^ 
r""Er 

Case II. — The cross-section under its proof stress. Divide the 
proof stress (/j) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 
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In crou-^ections of eqiud strength the proof curvatare is 

Rule XXXIX. — To find the slope of the beam (originally level) 
at a given point. Divide the length of the beam into small 
intervals {d x); multiply the length of each interval by the curva- 
ture at its centre (giving the product — j ; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the sum 

li=zj — J will be the required slope. 

BuLE XL. — ^To find the deflection. Multiply the length of 
each smaU interval by its slope (obtaining the product i d x); add 
together those products for the intervals extending between the 

highest and lowest points of the beam, the sum (v = j id x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules 3 — 

Let c be the Iialf-span of a beam supported at both ends, or the 
length of a beam fixed at one end ; h, the extreme depth, and h, the 
extreme breadth of the beam; W, any given loadj^^, the proof 
stress; or/a,the proof thrust, and/^jthe proof tension, in cross-sections 
of equal strength; m'h, the distance of the most severely strained 
layer from the neutral axis; n' h h^, the moment of inertia of the 
greatest cross-section; m", w", m"', w'", numerical multipliera, 

BuLE XTJ. — Steepest slope under proof load; 

^ Em'A' \ EA )• 

EuLE XLIL — Proof deflection J 

""i-Em'A^ K"" EA r 
Rule XLIIL — Steepest slope under a given load, W; 

*'i "^n'hh^ 

Rule XLIY. — ^Deflection under a given load, W; 

_ n"' W c3 
^1 ■" E 71' 6 h^ 
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C Proof Load. Given Load. 

^^ Factors for Facfcomfor 

Slope. Deflection. Slope. Deflection. 

A. IJnipobii Cross-Section. m" »" mT n'" 



L Constant Moment of Hex- ) ^ 1 

Tire, j 2 

IL IPixed at one end, loaded ) 1 1 1 1 

atother J 2 3 ""*' 2 """ 3 

ITT. Fixed at one end, tini- ) 1 1 1 1 

formly loaded, J 3 4 g 8 

IV. Supported at both ends, ) 1 1 1 1 

loaded in middle, J 2 ' 3 i 6 

V. Supported at both ends, ) ^ _^ ^ ^ 

uniformly loaded, i / 3 12 6 48 



R IJnifork Stbength and XJni- 
FOSM Depth. 

(The curvature of these is uniform). 

VL Fixed at one end, loaded ) * 1 1 

atotber, j ^ "•••• 2 •*•"• ^ ••**•' 2 

VIL Fixed at one end, uni- ) , 1 1 1 

formly loaded, j 2 ' 2 4 

VIIL Supported at both ends, \ -% 1 1 1 

loaded in middle^ j 2 * 2 i 

IX. Supported at both ends, \ -% ^ ^ ^ 

uniformly loaded, / 2 4 * 8 



C. Unifokh Strength and IIni- 
FOBH Breadth. 

X Fixed at one end, loaded ) « 2 „ 3 

atother, j 3 ^ •••••• 3 

1 

2 



XL Fixed at one end, uni- )./•.. , • /• -x 

formly loaded, } ^^^^*^ ' ^ "^^*« 

XII. Supported at both ends, ) « 2 - 

loaded in middle, J 3 •"••• ^ •• 

Xin. Supported at both ends, ) , (.^^0 /^ *'^./>rt rx «.n«^ ^ 

iSformly loaded, [j ^'^^^^ ^'^708 0-3927 0-1427 
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Rule XLV. — Given, the half-span, c, and the intended proof 
deflection^ v^, of a proposed beam; to find the proper value of the 
greatest depth, h^'y make 

(taking n" from the preceding table, and making m' Aq as before, 
denote the distance from the layer in which the stress is ^ to the 
neutral axis.) 

If the cross-section is to be of equal strength^ make 



h 



0- 






BuLE XL VI. — ^To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment 

Let h be the depth of the beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
n", the factor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection; 
then the intensity of the required stress is 

Ey V 

Rule XL VII. — To find the resilience of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. ConUnnons Oirders.— In the following rulcs the girder is 
supposed to be of imiform cross-section, and to be continuous over 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span by w; the travelling load per unit of 
span, if brought on slowly, by i^; if the travelling load comes on 
suddenly, w' must be understood to stand for the equivalent dead 
load; that is ttmce the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe bending moment. 

Rule XLVIII. — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( - M^), when 
every span is loaded with the travelling load; 

Mo g , — Mx g-^— 
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BuLE XLIX. — ^To find the said bending moment when the span 
tinder consideration is loaded with the travelling load and the 
adjoining spans with the weight of the bridge only; 

Mo g , — M^ -g . 

Every continuous girder bridge has two end bays at which the 
continuity stops; and these must be of less span than the inter- 
mediate bays. 

BuLE L. — The proper span of an end bay should be not less than 

c \/ 5 (or it will be too light); and not greater than 



' ( 1 + V 3^+^-) ) ^''' '* "^^ ^ ^"^ ''^)- 



Every span folly loaded^. 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two following factors^ 



To calculate the 'proof deflection of continuous girders, use Bule 
XLIV., page 223, with the following values of the multiplier w"; 

n" 
1 
8 

4 t^ + 8 to' 

8 to + 4 1(7' 

19. Arched Rib*.— In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the foim of a parabola, 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, ^, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
f^qh Au\ q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if gradually put on, by vf; 
if suddenly put on, w' denotes twice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

BuLE LL — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (jy). 
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BuLE LII. — ^When one-balf of the span only is loaded with the 
tmyelling load, the horizontal thrast is, 



-(' 



'°+-5)8V 



Also^ let -j^ = M' j then the yxeatest intensity of stress is 



i(-%^-> 



Hekask — That greatest stress is compressiTe; send is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the enter edge of the loaded hal£ 

KuLE LIII. — Given, the greatest safe stress, /,; to find the 
proper area, A, for the rib at its crown; calcnlate the two follow- 

M' 

ing quantities : H as in Rule LI. ; and H' + — £ as in Rule LIL; 

divide the greater of them by^; the quotient will be the requized 
area. 

20. fltiflening oirder.—KuLE LIY. — To find the proper mom/ad 
of resistance for a. stiffening girder for a suspension bridge; cakn- 
late M' as in Kyle LII. The greatest ahea/ring action in that 

. , , V) c 

girder is -j-« 

The stifiening girder is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike above 
and below. 

21. Besistance to Twisting.— Let h be the external diameter of a 
shaft; A', the internal diameter (if it is hollow) ;/, a modulus of 
stress. 

Rule LV. — Moment of resistance of 

a solid cylindrical shaft, 0*1 96 /' A' ; 

a hollow cylindrical shaft,.... 0*196/' • r — ; 

a solid square shaft, 0*28/* h\ 

Rule LVI. — To find the thickness of a shaft whidi shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, A= aV ( n-iQfi f ) ' 

lollow cylindrical shaft, K =nh'y A = aV ( 0.19^ n^tg*\/v * 

solid square shaft, h = aV ( A.og / )' 
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StTOBS in LbB. on the Square Inch. 
Breaking: Working. 

Cast iron, 27,700 4,000 to 4^500 

Wrought iron, 50,000 8,000 to 9,000 

Rule LVII. — When bending and twisting actions are com- 
bined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following hoisting moment: — 

M + V (M2 + T2). 

BuLE LYIII. — The angle of torsion of a bar, whether cylindrical 

2 f I 
or square, when under the proof stress /' , is -d^ ; in whkh I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Backied piates«~EuLE LIX. — ^To calculate the load uni- 
formly distributed over a buckled plate, which will cxuah it; the 
plate being square, and fastened all round the edgea Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons^ nearly. Central load which crushes a buckled plate, 

about ^ of uniformly distributed load. 

23. SmFenaioii Bridges.— As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

KuLE LX. -.-Given, the working horizontal tension, H, the half 
span, Xy and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

"ELx 
For the strongest wire cables, make C = T^ooT~i^ 

Ha? 

For cable iron chains, make C = o nnf\ r x « 
' 3,000 feet 

Then for a chain or cable of uniform eros^-sedionj the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area Tazying as 
ihe teiksion) the weight of a half-span is 

For eyes and fastenings of links, add one-eighth to net weight 
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PAKT VII. 

MACHINES IN GENERAL. 

Section I. — Rules belating to the Comparison op Motions. 

1. motion of a Point. — As to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in feet 'per second, and 
angular velocity in circular measure 'per second. Linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
"^ 3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
residtant of those two motions 
is the motion of 3 relatively 
to 1. 
gg Rule L (See ^g. 86.)- 

^* ' Given, the velocity and direc- 

tion, A B, of the motion of a point, A ; to find the component of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component. In symbols; 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) with 
a given linear velocity (v); to find the angular velocity o/revolutum, 
divide the lineai' velocity by the radius. In symbols; 

V 

a = -. 
r 

Rule III. — In the same case, to find the rate of deviation; 

divide the square of the linear velocity by the radius; or otherwise, 

multiply the square of the angular velocity by the radius. In 

symbols; 

v^ 
rate of deviation = — = a^r, 
r 
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2. TnnsiatioH of a Bi«id Body is that kind of motion in which 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

Rule FV. — During translation the reUUive motion of two points 
in a rigid body is = 0. Their comparcUiw motion at any instant 
consists in equality of speed and identity of direction. 

3. Botatiom of a BIgid Body. — RULE Y.-r-Glven, an axis of 

rotation in a rigid body, and the angular velocity of rotation ; to 
lind the direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product o^ the 
angular velocity into the length of that perpendicular. 

Rule VI. — Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distance of the point from the 
axis. 

Rule VII. — Given, an axis of rotation, and two points not in 
that axis; to find the compa/rative motion of those two points. The 
ratio of their velocities, or velocity-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

Rule VIII. — ^A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a^ plane (A, B, in figs. 87, 
88, 89); the motions of those projections will be identical with 




^: 




those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case L — Directions not parallel (fig. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plane of 
motion. 
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XL — DirectiaBS fiallri t» eack otter, and wtt perpen- 
tafineof coBBertiflB, A R Ik ttis CMe tibe motkMi is one 



CkiellL— DiRctkMiKipeBdicslartDAR (See figSL 88, 89.) 
Ir ttis case tfce fu hl a a is in Ji U ■ mny it p vnless the Telochy-ntio 
cf A and B is ^^hnen. Hiea dnw A Y«, B Y4 in iiie directionfl of 
^ndon of A aiidB, Slid beuii^ to eackotlier the given ratio; draw- 
die aln^l fine T. T]i„ cmtb^ A B produced if neoeanuy) in 0; 
ttxs viHgiFe die possdon of the ivquiied axisL 

~ L — ^Tke axis iamid hj !i^]e VILL may be etiher per- 



BruB TSL (See %. 90.) — In a body lotatdDg widi a givra 
speed about a gtvea axis, O, to find the 
o anpnn cn t^ in a giv«n direction, B A, 
petpendicakr to dttt axis, of the yeloctty 
of n point, A On A B let fiill the pa> 
pendicnlar O B, and mnltiplj its length 
hj tbe angwkr Telocity. 

A pair of potnts, A and B (fig. 91), are 
p. 90 connected that dien-diatanoefixni each 

* ^ odier, A B, is inTariable. 





Bulb X. — Given, the directions, A a and B b, of the motions of 
a nair of rigidly-connected points at a given instant ; required, their 
velocitj-ratia Draw the scraight line of connecHan, A B, and 
produce it if necessaiy. Then lay off in it any convenient equal 
distances, A = B D. Through C and D draw petprndiculara to 
the line of connection, cutting A a and B 6 in E and F. Then, 
▼docity of A : velocity of B : : A E : B F. 

& I'^iM te MMtes CMMU-In fig. 92 let A Band CD i«pre- 
fient a pair of smooth sur&ces moving in sliding contact^ and let 
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T mark the position of the pair of particles which at a givea 
instant toudbi each other. 

BuLE XL — Given, the directions T Vj 
and T Vg of the motions of the con- 
tiguous particles ; to find the ratio of their 
velocities. At the point of contact 
draw T U of any convenient length 
normal to the two suifaces at that point. 
Through XJ draw U V^ Y^ parallel to 
the common tangent plane of those sur- 
faces, and cutting the directions of motion 
of the contiguous particles in Vj and Vj. Then velocity of 
particle 1 : velocity of particle 2 : : T V^ : T V,. 

Section II. — Rules relating to Mechanism. 

1. Railiiig Contact. — The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Rule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : b. To find the position 
of the line of contact of the pitch-surfaces; let c be the line of 
cerUres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

h c 
Prom the axis about which the angular velocity is as a; -', 

From the axis about which the angular velocity is as 5 ; ^. 

In other words, the radii are inversely as the angular velocities. 

Rule II. — A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece; to find the linear velocity of the sliding piece; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of tiie 
pitch-surfaces. 

Rule III. — Given, the ratio of the angular v^odties of two 
4Comcal or smooth bevd wheels about their axes (which meet m one 
point); to find the line of contact of the pitdi-sur£M;es of thoae 
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Fig. 93. 



wheels. In ^g, 93 let O A, O C be the two axes, iiitersectin]g in 
O. Lay off on those axes, O a, O 6, respectively proportional to 

the angular velocities of the 
wheels which are to turn abont 
them. Complete the parallelo- 
gram O b c a; the diagonal 
O c (produced as far as re- 
quired) will be the line of con- 
tact of the two pitch-sor&ces; 
and those surfaces will be 
cones made by sweeping that 
line round the two axes respectively. 

2. skew-Berei iFhecis.— The pitch-surfaces of skew-bevel wheel* 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersecting. 

Rule IV. — ^The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : b, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In fig. 94 let A B, C D be the 
two axes, and G K their conmiou 

„ ^ , — ^ perpendicular. 

^J]|I^ On any plane normal to the com- 

c^^ nion perpendicular draw a 6 || A B, 

c c? II C D, in which take lengths in 
the following proportions : — . 

b : : hp : h q; 




Fig. 94. 



complete the parallelogram hp e q, and draw its diagonal, e hf; 
the line of contact, E H F, will be parallel to that diagonal. 

From p let fall p m perpendicular to A e. Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation. 



Ae:6m:mA::GK:GH:KH; 

and the two segments thus found will be the least distances of the 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the lino 
E H F about the axis A B, with the radius vector G H; the 
second, by the rotation of the same line about the axis C D, with 
the radius vector H K. 



TEETH OF WHEELS. 
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3: Teeth of irbeeb.— EuLE V. — To find the least thicknesa 
suitable for the teeth of a wheel. Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inches. 

KuLE VI. — To find the least pitch suited for the teeth of a wheel; 
multiply the least thickness on the pitch-line by 2J. 

KuLE VII. — To find the least breadth suited for the teeth of a 
wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
iu inches. 

KuLE VEIL — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

KuLE IX. — To set out involute teeth In ^g, 95 let C^, Cg be 
the centres of two circular wheels whose pitch circles are B^, Bg. 
Through the pitch-point, I, draw the intended line of connections 
Pj Pg, making the angle G I P = tf with the line of centres. This 
angle is usually about 75°. From C^, Cg, draw 

0^1 = rC^ • sin ^, C7P2 = rCg • sin 6, 

perpendicular to Pj Pg, with which two pei-pendiculars as radii, 
describe circles (called base circles), D^, Dg. The proportions of 
the triangles, Cj I P^, Cg I Pg, are in 
practice nearly as follows : — 

65 : 63 : 16 : : I C : C P : I P. 

Make a circular mould of the figure of one 
of the base circles, D ; wrap a cord round 
the edge of it; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base ^circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the path of contact of the teeth ; 




Fig. 96. 



say = ^ pitch j, along 

Pj Pg in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle 6, 

The smallest possible nrmiber of involute teeth in a pinion is the 
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whole number next above 2 «• tan 0. When taA ^ 






number is 25. 

E.ULE X. — To set out epicycloidal teeth. Make two moulds of 
the figure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the describing circle, with a 
tracing-point in its circumference; the usual size of the describisg 
circle is such that its circumference is six times the pitck, and its 
radius therefore = pitch x 0*955. To trace the ^a?s^ of the teeth, 
roll the describing cii'cle inside the concave mould; to trace their 
faces, roll it outside the convex mould. 

In fig. 96 let B B be the pitch-circle; C I C, part of a radius of 

the wheel; R, the describing circle 
when inside the pitch-circle; R', 
the describing circle when outside 
the pitch-circle. On the circum- 
ferences of the describing circles lay 
off I D = I D' = the pitch; D wiU 
be the inner end of the flaiik of a 
toothy and D' the outer end of the 
face of a tootL 

All wheels having epicycloidal 
teeth set out with the same pitch 
and the same describing circle work 
accurately together. 

The smallest practicable pinion 
having epicycloidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the describing 
circle. According to usual proportions, it has twelve teeth. Their 




Fig. 96. 



flanks are radial straight lines. 




Fig. 97 



Rule XL — To set out ap- 
proximate epicycloidal teeth; 
let p denote the pitdi, » 
the number of teeth in the 
wheel. 

In ^g. 97 let B C be the 
part of the pitch-circle, A the 
point where a tooth is to 
cross it. Set off A B = A C 



» ^. Draw radii of the pitch-circle, D B, E C. Draw F B, C G, 
making angles of 75^° with those radii, in which take 



BF = 



2 w + 12' 



CG=| 



n- 12 
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Bound F, with the radios F A, draw the circular arc A H; tliis 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K; this will be the flank of the tooth. 
(See Willis On Meckanism,) 

4. Screw*.— Rule XII. — To find the advance of a screw corre- 
sponding to a given number of turns; multiply that number by 
the pit^ (measured pai-allel to the axis, between corresponding 
points on two successive turns of the thread). 

Rule XIIL — Given, the pitch of a screw; to find the ohliquUy 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6*2832 (so as to find the corresponding 
circumference), and divide by the pitch; the quotient will be the 
tangent of the required obliquity. 

Rule XIY. — To find the normal pitch of a screw (measured 
perpendicularly to the thread) at a given distance, r, from the axis; 
letp be the pitch; then 

Normal pitch = -j-^J-P—^^, 

HtTLE XV. — ^To make two screws of given numbers of threads 
and given cylindrical pitch - surfaces gear together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to the sum of the 
obliquities of their threads, if both are right-handed or both leffc- 
handed ; or equal to the difference of those obliquities if one screw 
is right-handed and the other left-handed. 

N.B. — ^The angular velocities of two gearing screws are inversely 
as their numbers of threads. 

5. JPniiers and Bands (whether belts, cords, or chains). — ^Rule 
XVI. — ^To find the roitio of the speed of turning of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the band; then the 
speeds of turning will be inversely as the radii. 

Rule XVII. — To design a pair of tapering ^eed-cones, so that 
the belt may fit equally tight in all positions. 





Fig. 98. Fig. 99. 
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Case I. — Belt crossed {i^g, 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case II. — Belt uncrossed (fig. 99.) Use a pair of equal and 
similar conoids tapering opposite ways^ and bulging in the middle 
according to the following formula: — Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; rg, the radius at the smaller end; then the radius in the 
middle, t-q, is found as follows : — 



^~ 2 6 28c' 

6. liinkwork^When two pins are connected together by a lirik 
or connecting-rod, to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair of rigidly-connected points. 

"When the points thus connected move in one plane, use Rule 
VIII. of the preceding Section to find the instarvtaneons aacis of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicular to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example. — Crank and Fiston-Rod—ln fig. 100 let R T, be a 

piston-rod; T^, its head; CTjja 
crank; Tg, the crank-pin; Tj Tj, 
the connecting-rod. Through Tj 
draw Tj K perpendicular to R T^, 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
wiU be the instantaneous centre 
of the connecting-rod; and if v^ 
and t?2 be the velocities of Tj and 
Tg respectively, Vj ! Vg : : K T^ : 
K Tgi — or otherwise; through C 
draw C A perpendicular to R T^, 
and cutting the line of connection, T, To (produced if necessary) in 
A. Then v^ iv^ : :C A : CT^. 

7. ParaUei OTotions.— RuLE XIX — Given (in fig. 101), the line 
of motion, G D, of a piston-rod, the middle position of its head, B, 
and the centre. A, of a lever which, in its middle position, A D, is 
perpendicular to I) G; to find the radius of the lever, so that the 
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link connectiDg it with B shall deviate equally to the two sides of 
G D during the motion ; also^ the length of the link. 

Make D E = ^ stroke; 
join A E; and perpendicu- 
lar to it, draw E ¥ cutting 
A D produced in F; A E 
will be the required radius. 
Join F B; this will be the 
link. 

E.ULE XX — Given, the 
data and results of Hule 
XIX.; also the point, G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B b, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L ; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then inD G layoffDH = GB; join A H, and produce it 
till it cuts L K G in K 3 this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for practical purposes. 

KuLE XXI. — Given (in fig. 
102), the main centre, A, the 
middle position of the rnmn 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the main lirJc, F B, having been 
found by Eule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram, C E D F (in which C E r^ F D is called the pa/raUd bar- 
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ml D E = F O tiie Imek Kmk^ and m roiititf teoer, cr MA^ H 1^ 
jointed to the ai^le E of the puallelognm. 

Drmw the stru£:ht line A B, catting the hsek link I> E in G; 
then b T Rnle XX. find the lever H £, sodi that the middle and 
eitrenie positioiis ot G shall lie in one stn%fat line. 

(The point G shows where a pomp-rod maj, if eonTcnieat^ he 
jointed to the hack link). 

8. M««iM mmA "rMkicb— Rule XXTL — ^The ratio of the yeloeity 
of iheJiaS of a tackle to the Telocity of the moving block -is equal 
to the nomber of plies of rope by whidi the fixed and moring 
blocks are connected with each other. 

1\ yif ■■.— The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. The stroke of a piston 
moving in a straight line may be measured alon^ the line of motion 
of any point in the piston ; when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

Rule XXIIT. — To find the volume swept by a piston per stroke; 
multiply the stroke bv the area. 

Rule XXIV. — ^Two pistons have an invariable volnme of fluid 
between them; to find the ratio of their velocities j take the 
reciprocal of the ratio of their areas. 

SfiCnOX in. — ^RULES BELATI5G TO WOBK AT UnIFOEM A3m 

Pebiodical SPEsa 



1. cscacna Prtedpics.— In a machine moving at an nnifonn 
^leed the driving and resisting forces are balanc^ If ihe speed 
is varied, but in such a manner that the variations are periodic, the 
mean dri\'ing and resisting forces during one period, or oompkie 
revolution, are balanced. The energy exerted is eqnal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions. As to 
units of work, see page 103. 

2. €*Mp«tatiMi of irwk ]»«me.— To compute the qnantitj of 
work done : — , 

Rule I. — When a weight is lifted to a given height : — multiffy 
the weight by the hdght 

Rule II. — When a body shifts through a given distance against 
a given force : — 

Case I. If the force is directly opposed to the motion (being a 
direct resistance), multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion; either 
resolve the force into a resistance directly opposed to the motion, 
and a UUeral force perpendicular to the motion (see page 160^ Bole 
VIIL), and multiply the resistance by the distance moved; or 
othenoiie: — ^resolve the motion into a direct eompcfnoA opposed 
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to the entire, force, and a trananeftw component at right angles to 
it^ and multiply the entire force bj the direct component of the 
motion. (In symbolsy let F be the force, s the distance moyed, 
the ai^le of obliquity; then work done = F « oos f). 

'Rule ILL — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circular 
measure. (See page 102.) 

!Ri7iiE IV.— When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volwme awepi by the piston. (See 
page 238, Rule XXIIL) 

Bemabk. — The unit of volume and unit of intensity should be 
adapted to each other, so that the product of their numbers may 
express units of work. For example : — 

Unit of Intensity. Unit of Volume. Unit of Work. 

Lba on the square foot. Cubic foot. Foot-pound. 

Lbs. on the square incL < P?^ i .* > do. 

^ ( X 1 m. X 1 m. j 

Lbs. on the circular inch. { j^^^^f ^^ \^^ } , do. 

Kilo, on the square mdtre. Cubic m^tre. Kilogramm^tre. 

3. Gompatation of Emcrgir, Power, Mtd EfllcieHcy. — (I.) When a 
given weight descends through a given height, or (II.) a given 
force drives a body shifting through a given distance, or (III.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article ; except that for resistance 
is to be put effort, or driving force, end for loork done, energy exerted. 

For stored or potential energy, use the same rules, substituting 
poesible for actuid motions 

Rule V. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or periodical 
speed against given resistances. Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the ioUU work done, to which the energy to be exerted will be equaL 

As to Power, see page 104. 

EuLE VI. — To find the JSfficiency of a machine; distinguish tlie 
resLBtanees, and the work done against them, into tiseful and waste- 
ful; then divide the useful work by the total work; the quotient 
-will be the efficiency. 

Rule VII. — To find the efficiency of a Pram of machines; mul- 
tiply together the efficiencies of the elementary machines of which 
the train consistik 
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4. cmmafmitmamm «r iPiiii^ft Vovn.— Suppose a maclime to be 
dmen againsc given resistuKces by an effort or drivinff/aree applied 
a% and in the direction ot motion o^ the driving point; and tluit it 
is required to find the effort which will mMniaiin an uniform speed 

Rn2 TUL — ^Find the tnargy to be exerted, by Kule V., and 
divide it by the space moved throuc^ by the driving point; — Hff 
athencix: 

RrxE VllL A. — ^Findy by the principles of mechanism (see Sec- 
tion L of this party pages 231 to 238), the ratios of the velocities 
of the several working poinUy where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance bj 
the velocity>iatio belonging to its point of application, and add 
together the products; ^e sum will be the required effort 

Remabks. — ^This is called ^ reducing the resistances to the driving 
poinL" Rule TUL A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "prin- 
ciple qr'nrtua! rrfociViic*." When only one resistance is overconiey 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5. F ri ct i— te HscUms.— Rui£ IX. — ^To calculate the resistance 
of friction to the sliding of two sur&ces (when the pressure is not 
so great as to grind the sui&ces, or force out the unguent), mul- 
tiply the iunoutU of the load, or direct pressure between the sar- 
fiices, by the coefficient of friction. 

Explanation o/t/ie Table. — ^, angle of repose; /= tan 0, co-effi- 
cient of friction ; 1 :/= cotan ^, reciprocal of that co-efficieut. 
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Wood on wood, diy, 

„ „ wiped, 

MeUlsoaoak, dry,^ 

»9 »» W«,. 

„ 8oapy, 

Meuls on elm, dry, 

Hemp on oak, dry, 

„ .% wet, 

I.cather on oak, 

Leather on meUla, dry, 

„ ^«t, 

» gre*3y, 

.. .. o»i.^. 

Metak on meuls, dr>', 

„ „ vret and dean, 

„ „ damp and slimy,... 

Smooth surfaces, occasionally greased, 

„ „ continoally greased, 

„ „ bestresulte, 

Bronte on lignum vitK, constantly wet. 



(p 


/ 


1:/ 


14° to 26i° 

Il4°t0 2^ 


•25 to '5 


4t02 


•2 to X)4 


5 to 25 


264" to 31° 


•5 to -6 


2 to 1*67 


134° to 144° 


•24 to '26 
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•2 


5 


ii4°toi4° 


•2 to -2$ 


5to4 


28° 


•53 


1-89 


i84° 


•33 


3 


15° to 194° 


•27 to -38 


3^7 to 2-86 


294; 
20° 


•56 
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•36 


2-78 


< 


•23 


4-35 


84° 


•15 


667 


84° to 114° 


•15 to -2 


6^67 to 5 


'^1' 


'3 


3*33 


8° 


•14 


714 


4° to 44° 


•07 to -08 


14-3 to I2^5 


3° 


•05 


20 


Ij°t0 2° 


•03 to -036 


333 to 27^6 


3°? 


•OS? 


20? 
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In order that the load may neither grind the surfaces nor force 
ont the nnguent of the bearings of machinery, the pressure is to be 
limited by the following rules; in which, by a/rea of hearing is 
meant the product of the length and diameter of a cylindrical 
bearing; although the real area on which pressure acts is much 
smaller. 

EuLE X. — Add 20 to the velocity of sliding in feet per minute, 
and divide 44,800 by the sum; the quotient will be the greatest 
proper intensity of pressure in lbs. on the square inch, with the 
further limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

IluLE XL — ^To calculate the rrurment of friction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose (which is sensibly equal to the co-efficient 
of friction). 

6. iPaner and Strap.— Let T^ be the tension at the tighter side of 
the strap, and Tq the tension at the slacker side, so that T^ — Tq 
is the force to be exerted between the strap and pulley; also let c 
be the ewe of contact between the strap and pulley, in fractions 
of a circumference, and/ the co-efficient of friction. 

BuLE XIL — Given, c, /, and the force T^ — Tq; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
sponding to the common logarithm 2*73/ c; then 

T — T N 

^ " N — 1 ^ ^^ ~ j^ _ 1 ( ■'■ 1 " ^o) > 

Ti + Tq _ -^ + 1 . /m m \ 

2 " 2 (N - 1) ^1 ^^* 

Beicabe. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient, /, should be estimated on the supposi- 
tion of the surfaces being oily; say 0-15 for leather on metal, and 
0*08 for metal on metal. 

7. BataaciBg of iiiaciiiBerT.— In a machine every piece which 
turns on an axis should, as far as possible, have its re-actions 
balanced. 

BuLE XIIL— In order that there may be no tendency to shift 
the axis, arrange the weights that *turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a "standing balance**) 

BuLE XIV. — In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together aboiit the axis by its a/rm or perpendicular distance 
from the axis. Begard the products as representing forces, each 
pulling the axis towards the mass to which that product belongs, 

B 
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l^.n*.!^ — ^ jmtc-Ji Is ]£ ^ir lancsk be taben to icpresent 
^ttnn^ s^v*^ ^oxr/mz^ 15 & tdssbk.. joii Hi whin to refxesent 
uat^Qssci^ 7C i t 'j atjmi i j^ :ir pB2*^ fSry liif ma «f the dkgism will 

^^r:;:^ X^^I — ^TT? xoii ^^ stiam xahie of tiie tujii^ force; 
irnot :ihf ic^si 7C lOif riftpur W rs iew^ so » to find its mdon 
in —lift ■ 1^ ^riL rmr^sasES laie KCimd meu^ 

^i>£ lart r^^s^sQuctf .*£ 4k l»i£ .sr&irr cc a ^iaecf conTCjuice bjknd; 
Kf 1^ .•v^nrL'^imir rr "timmamar im « hni (/) add tke sane of tbe 
^^caafcsai^a % r isfctmicuc « -<^ :s^^Qzaf( dktt sine if the indinatum 

Ix ^it^xu$w jf^ ^^ >f 4^ ktti. £ tiie resisttnoe; ihea 

Tx'.rss cr nx 0>i7TiaEn of Beseseaxcb as a Level. 

t Jr.-i*« — Lea rW tie T^dcchr in ftet per second; r, the radiua 
«f tibe wIm^ c£ i^ ouna^ in meka; thai 

/ « ^ (Monn> 
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o. h. 

For good broken stone roads^ ] to °^ •ee i *®^5 
For pavements..... {^- -J -f 

YaJue? of yj from experiments by Sir John Macneill,— 
Sandy and gravelly ground^ '14; gravel road, 07; 
Broken stone road, from *03 to *02 ; pavement, -01 J. 
IL BaUioays* — ^Let V be the speed in miles an hour; then 

/= from -0027 to -004 (l + j^V 

On euroes, add to the above valne of ^ 

3*3 
For carriages with parallel axles, —r: — : — t— t> 

• 

For carriages with moveable axles, — r: — -, — ^—r. 
^ radius m feet 

ErULE XVIIL— To calculate tlie probable adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion ( = about - j. In sjrmbols, let E be 

the weight Of the engine, q the friaction resting on driving wheels; 
then 

Adhesion =■ about ^=— 
Obdinaby Values of q and |. 

Na of Driving _ q 

Wheels. *" 7* 

Passenger engines, 2 {^^ if ^fi 

ftnoda PTiOTTifia 4- (from -67 -095 

uooos engines, 4 j^ .^^ .^^^ 

Do do. all I'oo '143 

^ Proportioii of gross to net load in railway trains; goods, from 1| to If ; 



minerals, from 1} to 2 ; passengers, about 3. Passen^rs without luggage 
weigh on an average about Id or 16 to the ton; withlnggage, about 10 to 
theton. 



2i4t MACHiHss nr oehxral. 

Obdctart Weights of LoooMonYE ENonfEa* 
Weights of Engines wiih eqmraie Tenders, — 

Clka Tanta* mi^m from 10 to 15 tana.) Tool. 

Narrow gauge paasenger locomotiyes, six- ) lo to 2^ 

wheeled, with one pair of driving wheels, j " 3 

Da da da nnnsoallj heavy, 24 to 27 
Byroad gange passenger locomotive, eight- 1 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

Groods locomotive, from four to six wheels, ) 07 to ^2 

coapled, - f 7 3 

Weights of Tank Engines, eoarying Fvd and WaJter, — 

Tom. 

For light traffic on branch lines, 12 to 20 

For heavy traffic on steep inclined planes, ) , ^ 

with from six to twelve wheels, j ^ 

EuLB XIX. — ^To calculate the greatest tractive force (P^ of a 
locomotive engine ascending a given gradient. Multiply the 
weight of the engine (E) by the sine of the inclination (ij^ and 
fiubtract the product from the adhesion. In symbols,—* 



= (?-) 



In order that an engine may be able to draw a given load, P mnst 
be not less than R, (Rule XVL) That is to say, on the ruling 
gradient, let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

0-<)e.(/.<)t. 

Hence the following rules : — 

E /+» 
Rule XX. — Given, q, i,f; then f q 

Rule XXI.— Given, E, q, T,f; then ^ = T" ""-^ 

E + T • 

• Proper weight of rails, in Iba. to the yard = 16 x greatest load on a 
driving wheel in tons. 

Weight of a chair; common = 1 foot of rail; joint = from 1* to 14 fix* 
of rail. 
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EuLE XXII. — To find the total work done by a locomotive 
engine in a given time; mxdtiply the resistance of engine and train 
as carriages by the distance run, for the net work; then multiply 
by about 1^, to allow for resistance of mechanism of engine. In 
symbols^ let x be the distance ran; then 

Total work = 1^ a? (/db t) (E + T). 



Section IY. — Eules BEiATiNia to YABYiNa Speed. 

1. Geaeni Principles.— An unbalanced force applied to a body 
produces change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the forca Impulse is the 
product of the force in absolute units (see page 104) into the time 
during which it acts in seconds. Momentum is the product of the 
mass of a body into its velocity in units of distance per second. 
The unit of mass is the mass of an unit of weight — such as a pound 
avoirdupois, or a kilogramme. A body receiving an impulse re-aeta 
against the body giving the impulse^ with an equal and opposite 
impulse. 

2. Acceleration and Retardation.— KlTLE I. — ^To find what impulse 
is required to produce a given change in the velocity of a given 
mass; multiply the weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impidse must be 
forward; if in retardation, backward.) 

ErULE UL — To find what energy/ must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the 
number of absolute units of force in the weight of an unit of 
mass, and multiply the quotient by the mean velocity during the 
change; — or otherwise: multiply the weight of the mass by the 
change in the value of the hcdfsqiuire of its velocity, and divide by 
the number of absolute units of force in the weight of an unit 
of mass. 

Bemark. — Absolute units of force in the weight of an unit of 
mass; in British Measures (velocities being in feet per second), 
32*2 nearly; in French Measures (velocities being in metres per 
second), 9'809 nearly. (See page 104.^ This constant is denoted 
by g* and sometimes called ^^ gravity. 

* More exact formula for g^ 

^=r7i(l — 0-00284COS2X) fl - ^Y 
in which gi = 321695 in British Measures, or 9*8051 in French Moassoce^'^- 
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KuLE III. — To calculate the adtwd energy of a moving mass; 
mnltipl J its weight by the half-square of its yelocitj^ and divide 
hjg. 

Bulb IY. — ^To calculate what unbalanced effort^ or unbalanced 
resistance^ as the case may be^ is required to produce a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given; multiply the weight of the mass 
by its change of velocity; divide by g, and by the &ne in seconds. 

Case IL — If the distomce is given; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
g^ and by the distance.. 

BrULE Y. — To find the re-action of an accelerated or retarded 
body; find, by Bule IY., the force required to produce the change 
of velocity ; ijie re-action will be equal and opposite. 

Remark. — The momentum, energy, and re-action of a body of 
any figure undergoing trandation are the same as if its whole 
mass were concentrated at its centre of gravity. 

3. Herimted MoUon and €«tttrifiia«l Force. — To make a body 
move in a curve, some other body must guide it by exerting on it 
a deviating force directed towards the centre of curvature. The 
revolving body re-acts on the guiding body with an equal and 
opposite centrifugal /orce, 

BrULE YI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or oikertcise : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and multiply by the radius : — ^the result will be the value of 
the deviating and centrifugal forces in absolute imits, which may 
be converted into units of weight by dividing by g, 

Behark. — ^The resvltoM cerU/rifugal force of a rigid body of any 
shape is the same in amount and direction (though not ^e same 
in distribution) as if the whole mass were collected at its centre di 
gravity. 

Bule YII. — To find the heiglU of a revolving pendulum which 

makes a given number of revolutions per second; divide -j^-s by 
the square of the number of revolutions per second. (Approximate 
values of i^> being the height of the pendulum, which makes 



v" 



X, latitude of the place ; observing that when 2 \ becomes obtuse, the term 
containing it is to be added instead of being subtracted ; h, height above the 
level of the sea; and B^ the earth's radius = 20,900,000 feet, or 6,370,000 
metres, nearly. 
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one revolution per second; 0*815 foot = 9*78 inches = 0*248 
metre nearly.) 

N.B. — The hdgkt of a revolving pendulum is measured ver- 
tically, from the level of its centre of gravity to the level of the 
point where the line of suspension cuts the axis of revolution. 

4. Rotadng Bodies— Fly-wbeel*.— As to the nioment of inertia 
of a body turning about an axis, see pages 154 to 156. 

B.ULE YIII. — ^To find the angular momentum of a rotating 
body ; multiply its moment of inertia by its angular velocity in 
circular measure. (See page 102.) 

Rule IX. — To find the actv^ energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by g. 

HuLE X. — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as the case may be. 

Case I. — If the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case II. — If the angular motion is given; divide the change of 
actual energy by the angular motion in circular measure. 

BrUtt! XI. — Given, the alternate excess and deficiency (A E) of 
energy exerted as compared with work performed in a machine; 
to find the moment of inertia of ^kfly-whed^ such that the fluctuation 
of speed (or difference between the greatest and least speed) shall 

not exceed sC given fraction of the mean speed (say — j. Let a be 

the mean angular velocity of the fly-wheel, I its required moment 
of inertia; then 

_ mg AE 

Ordinary values of »i, from 30 to 60 nearly; of m ^, in British 
Measui-es, from about 1,000 to 2,000. 

Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, J P (2 0, in 
steam-engines of various kinds (Moriu). 

NoN-ExPANSivE Engines. 

Length of connecting rod __ o 

Length of crank "" o 4 

aE-;-jPc^» = -los -iiS -las •132 
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Expansive Condensing Engines. 

ConnectiDg rod = crank x 5. 

Fraction of stroke at) i i i i i i 

which steam is cut off/ 3 ^ g g z 3 

AE+jPc?« = 163 -173 -178 -184 '189 -ipi 

Expansive Non-Condensing Engines. 

Steam cut off at fill 

2345 

^E-^^PcI« = '160 •186 '209 '232 

For double cylinder expansive engines^ the value of the ratio 
A E -f / "P da may be taken as equal to that for single cylinder 

non-expansive engines. 

For tools working cU mtervdta, such as punching, slotting, and 
plate-cutting machines, coining presses, <bc., A E is nearly equal to 
the whole work performed at each operation. 

5. FaliiHg B*die«.~The following rules apply to a body falling 
without sensible resistance from the air: — 

ErULE XII. — To find the velocity acquired at the end of a given 
time; multiply the time by g. (See page 245.) 

Rule XIII. — To find the height of fafi in a given time; multiply 

the square of the time by ^ g. 

Rule XIV. — To find the height of fall corresponding (or "due*^ 
to a given velocity; divide the half-square of the velocity by g. 

Rule XV. — To find the velocity due to a given height; multiply 
the height by 2 g, and extract the square root (or, in British 
Measures, midtiply the square root of the height in feet by 8*025 
for the velocity in feet per second; or, in French Measures, mul- 
tiply the square root of the height in metres by 4429 for the 
velocity in metres per second). 

Table op Heights due to Velocities. 
Explanation of SymhoU. 

V = Velocity in feet per second. 
h = Height in feet = -yS ^ 64*4. 

This table is exact for latitude 54°|, and near enough to exact- 
ness for practical purposes in all parts of the earth's sui^ace. 
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1 01553 

2 '06211 

3 '13976 

4 '24845 

5 -38820 

6 '55901 

7 -76087 

8 -99379 

9 12578 

10 1-5528 

11 18789 

12 2*2360 

13 2*6242 

14 30435 

15 3-4938 

16 3*9752 

17 4-4876 

18 5031 1 

19 5*6056 

20 6*2112 

21 68478 

22 7*5155 

23 82143 

24 8*9441 

25 97050 

26 10*497 

6. Bedvced Inertia.— KuLE XVI. — To reduce the inertia or 
mass of a machine to the driving point. Multiply the weight of 
each moving portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the products; the sum will be the weight of the mass which, if 
concentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion, that is required by the actual machine. 



Section V. — Strength of Machinery. 

1. fihaiu. — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mean moment transmitted by 
the shafts but to the greatest momerU, 



27 


11*320 


54 


45-280 


28 


12174 


56 


48*695 


29 


13059 


58 


52235 


30 


13975 


60 


55-901 


31 


14*922 


62 


59*688 


32 


15-901 


64 


63*602 


322 


16*100 


' 64-4 


64*400 


33 


16^910 


66 


67 *640 


34 


17*950 


68 


71*800 


35 


19*022 


70 


76*087 


36 


20124 


72 


80*496 


37 


21*257 


74 


85*029 


38 


22*422 


76 


89-688 


39 


23*618 


78 


94-472 


40 


24*845 


80 


99-379 


41 


26102 


82 


104*41 


42 


27*391 


84 


109*56 


43 


28*711 


86 


114-84 


44 


30*062 


88 


120*25 


45 


31-444 


90 


12578 


46 


32857 


92 


131-43 


47 


.34-301 


94 


137*20 


48 


35776 


96 


143*10 


49 


37283 


98 


149-13 


50 


38820 


100 


155-28 


52 


41-987 
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KuLE XYTL — Given, the horse-power of the prime mover that 
drives a shaft, and the number of revolntions per minute; to find 
the meoM twiitmg moment: multiply the horse-power bj 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-Ib&; which, multiplied by 12, will give 
inch-lbs. 

Bulk XYHL — ^In a shaft driven by steam-power, given, the 
mean twisting moment ; to find the greatest twisting mom/ent; 

If the shaft is driven by a single engine, multiply by i'6 

If by a pair of engines, with cranks at right an^ee^ 
multiply by I'l 

If by three engines, with cranks at angles €ii \ 
revolution, multiply by 1*05 

2. B«4a. — Pistori-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Role XXIY.) 
Connecting-rods are to be treated as struts jointed at both inida 
(See page 209, Rule XXTTL) 

3. Armm amd Tectk of Wheda.— EULB XIX.--T0 find the 

greatest bending moment on an arm of a whed; divide the greateBt 
twisting moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooA of 
a whed ; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line d 
action of the teeth. 

As to the thickness of teeth, see page 233. 



Section VL — ^Musculab Power. 

1. Oenerai Principles. — Let P be the effort exerted by an 

animal in performing work, V the velocity of the point at which 
the effort is applied, and T the time for which the effort P is 
exerted at the velocity Y during a day's work; so that P VT is 
equal, or proportional, to the work done per day. Let P^ V,, T., 
be the values of P, V, and T, corresponding to the greatest days 
work of the animal, P^ V^ T^. Then for values of P, V, and T, 
not greatly deviating fix)m Pj, Y^ and Tp we have 

P Y T , 
Pi "" Ti ^ T, = ^' 

80 that when any five of those quantities are given, the sixth may 
be foimd. 
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Approximate Y al»es of 
Pi Vi T, 

Lbs. Ft per BOG. Miles per hour. Seconda. Hoora 

'^ughtrg}"^ 3-6 .^nearly. .8.800 8 

High-bred horse, 64 7 '2 5 „ 28,800 8 

Ox, 120 2*4 1*6 „ 28,800 8 

Mvle, 60 3*6 2^ „ 28,800 8 

Ass, 30 3*6 2I „ 28,800 8 

2. TaMes of PerfMmance of Horses. — ^ExplaDation of Table L : — 
P, effort in lbs.; V, velocity, feet per second; T, hours' work per 
day; P V, work per second, in foot-lbs.; 3,600 P V T, work per 
daj, in foot-lbs. 

I. — ^WORK OF A HOBSE AGAINST A KNOWN BeSISTANCE. 



Kind of Exertion. 



PV 



3,600 PVT 



1. Cantering and trotting, 
drawing a lieht rau- 
way carriage (wdrough- 
bred), 



2.HorBe drawing cart or 
boat, walking (draught 
hone), 

3b Hoise driTing a gin or 
mill, walkings 

4. Ditto, trotting, 



i min. 22^ ) 
I niean3o4 [ 
(max. 50 ) 



icx> 
66 



i4i 



3-6 

3*0 
6-5 



8 
4i 



4474 



432 

300 
429 



6,444,000 



12,441,600 

8,640,000 
6,949,800 



Explanation of Table II. : — L, net load drawn or carried hori- 
zcmtally, in lbs.; V, velocity, feet per second; T, hours' work per 
day; L V, lbs. conveyed horizontally one foot per second; 3,600 
L V T, lbs. conveyed horizontally one foot per day. 



II. — Performance of a Horse in Transporting Loads 
Horizontally. 



Kind of Exertion. 

5. Walking with cart, al- 
ways loaded, 

a Trottmg ditto, 

7. Walking with cart, go- 

ing l(Mided, returning 
empty; Y == } of mean 
Teloa^, 

8. Carrying burden, walk- 

ing! 

9. IMtto, trotting, 



LV 



8,600 LVT 



1,500 
750 



1,500 



3-6 

7-2 



3-6 

7*2 



10 
4i 



10 

7 



5,400 
5,400 



3»ooo 

972 
1,296 



194,400,000 
87,480,000 



108,000,000 
34,992,000 

32,6$9,2QO 
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3. Tables of Work of Men.— Explanation of Table I. : — ^P, effort^ 
lbs,; V, velocity, feet per second; T, horn's' work per day; P V, 
work, foot-lbs. per second; 3,600 P V T, work, foolrlbs. per day. 



I. — Work op a Man 


AGAINSl 


' Known KEsioPAircES. 


Kind of Exertion. 


P 


V 


T 


PV 


a,«ooPVT 


1. Baising his own weight np 
stair or ladder. 


143 

40 
44 

143 
6 

132 

26-5 

^180 
(200 

13*2 

15 


0-5 

075 
0-55 

0-13 
1*3 

0-075 

2-0 

5-0 
2-5 

14-4 


8 

6 
6 

6 

10 

zo 

8 
? 
8 
2mins. 
10 
8? 


725 

30 
242 

18-5 

7-8 

9.9 


2,088,000 

648,000 
522,720 

399.600 

280,800 

356,400 

1,526^400 

1,29^000 

1,188,000 
480^000 


2. Hauling up weights with 
rope, and lowering the 

rope uploaded, r rrrrr 


3. Liffcmg weights by hand, 

4. Carrying weights up stairs, 

6. Shovelling up earth to a 
heicrht of 5 it. Sin. 


6. Wheeling earth in barrow up 
slope of 1 in 12, ^ horiz. 
veloc 0*9 ft. per sec., and 
returning unloaded, 


7. Pushing or pulling horizon- 
tally (capstan or oar), 

8. Turning a crank or winch,... 

9. Working pump, 


10. Hammering, 





Explanation of Table II. : — ^L, load conveyed horizontally, lbs.; 
Y, velocity, feet per second; T, hours* work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L V T, lbs. con- 
veyed horizontally one foot in a day. 

II. — Performance op a Man in Transportinq Loads 
Horizontally. 



Kind of Exertion. 


L 


V 


T 


LV 


a,600LVT 


11. Walking unloaded, transport 
of own weight, 


140 

224 

132 

90 

140 

< 126 
( 


5 

i} 

24 



117 

231 


10 

10 
10 

7 
6 


700 

373 
220 
225 

223 

1474-2 



25,200,000 

13,428,000 
7,920,000 

5,670^000 
5,032,800 

... 


12. WheeUng load in 2-wheeled 

barrow: returning unloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, 

15. Carrying burden, returning 

unloaded. 


16. Carrying burden for 30 se- 
conds only, 
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III. — Day's Work op a Man required for various 
Operations. (Day = 10 Hours.) 

Shovelling earth, one cubic yard, thrown not 

more than 5 feet vertically upj if dry, from -05 to '0625 

Ditto, wet mud, „ '06 to 'oS 

Excavating earth with the pick, one cubic 

yard, „ '025 to '2 

"Wlieeling one cubic yard of earth in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each foot of total 
rise, „ -05 to '0625 

Spreading and ramming earth in layers from 9 

to 18 inches deep, one cubic yard, „ '06 to '07 

Dressing slopes of cuttings, one square yard, .. . . about *oo8 

Soiling slopes, 6 inches thick, one square yard, „ 'ooB 

Making clay puddle, one cubic yard, „ '3 

Spreading do., do., „ -3 

Quarrying rock of moderate hardness with 

wedges, average „ '4 

Quarrying rock of moderate hardness by blast- 
ing,* average „ -45 

Jumping holes in rock, 100 cylindrical inches, 

granite, from i-o to '5 

Do. do. do., limestone, „ '2 to '15 

Driving mines in rock ; dimensions from 3^ feet 
X 3 J feet to 3^ feet x 5 feet; one foot for- 
ward, ; „ 2'o to 5*0 

Quarrying rock in tunnels, one cubic yard, „ 75 to 3*0 

Making one thousand bricks. { --iV^^' ^^ 

Mixing mortar by hand, one cubic yard, ^7 5 

Mixing concrete, wheeling and laying, one 

cubic yard, '3 

'Loading barrows with stone, one cubic yard,... *o6 

Wheeling one cubic yard of stone 100 feet 
horizonl^ly; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

XTnloading barrows of stone, one cubic yard,. . . . '03 

* Weight of rock loosened -f- weight of powder exploded = in smaU blasts 
£rom 7|000 to 14,000; averse 10,000 : in great blasts from 4,500 to 13,000 ; 
average between 6,000 and 7,000. One lb. of blasting powder fills about 
90 cobic inches = 38 cylindrical inches. If gun-cotton be used instead 
«f powder, allow one-sixth of the weight and one-half of the space. 
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sss? 


BoDdini^ 


Wort. 


— 


i-oo 


•50 


— 


•90 


•90 


1-5. 


•90 


•90 


2-25 


•90 


•90 


2-50 


I-oo 


i-oo 


6-00 


2-00 


2"oa 



Drr stone, '64. 

Couised nibble, "64 

Block-m-couise, -90 

Do. srddng, -90 

Ashlar (90ft ffirom 1-80 

samdstone),.... (to... 2-50 

Breaking and stone cirttmg for Larder stones; 
hard sandstone = sc^ sandstone x 2. 
hard limestone, maiUe, granite = soft sandstone x fimm 3 to 4. 

Facing ashlar (soft sandstone), per square foot- 
stroked, H>5; droYed, -07; poUshed, *L 



Corred fadng-flat x f 



1+ 



H 



radius in feet/* 
Taking down old masonij, one cubic yard, from *5 to *& 

Brickwork, ordinary, one cnbic yard, '6 -6 -2 

,, arching and other carved work, -9 -9 ^depeDding 



„ in tunnels, about double of similar brickwork aboye 

ground. 

BaeUayec; Labosrer. 

Laying and jointing drain pipes, one lineal 

footy per inch diaineCer^ -0025 '0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, *6j 

Sawing timber, one square foot; 

Pine and fir, from "0045 to -005 

Ash, elm, beech, mahogany, „ '0065 to -007 

Oak, „ -0075 to -009 

Teak, -oi 

Shaping timber; pine -woods; one cubia 

foot, fix)m '04 to '135 

Planing pine woods, per square foot, '013 

Ik>ring hole | diameter, one lineal foot, in 

pine-woods, -oa 

Do. da, in hard leaf-woods, -03 

* Supply of air shbnld be at the rate of 30 cubic &et per man per xnmita 
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Carpenter. Labourer. 

Erecting centres for arches; per 100 f from 1*55 75 

square feet area of soffit, (to... 170 'So 

Men*8 tbnei "Boya* tima 
Kivetting iron ships: from 100 to 140 ) ^.^ « ,.^ x^ 

rivets, ..! f 3'0 from i-o to 2-0 

3Iaking plank roads; breadth planked, | 

8 feet; total breadth, 16 feet; 1 lineal > i-o 

foot, J 
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PAET VIIL 

HYDRAULICS. 
Section L — Rules belating to the Flow of Water. 

1. Head of Water.— Rule I. — ^To find the head of a particle of 
\7ater j add together the head of elevation, or height of the particle 
above some fixed or "datum" level, and the limd of pressure, (X 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual not to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = 0; when the absolute pressure HaXia short 
of the atmospheric pressure, their difference is called va>cuum. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1-lOOth part of itself for each 262 feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. Tolnme aad Telocity of Flow.— RuLE II. — To find the volume 
of flow of a stream; midtiply the mean velocity by the sectional 
area. 

Rule III. — ^To find the 'mean vdociiy of flow of a stream; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 7*71 feet per second 
greatest velocity + 10*28 feet per second' 

The least velodtt/, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5; in very slow 
currents, as 2 : 3 : 4. 

In what follows, volume of flow in cubic feei per second will be 
denoted by Q; the mean velocity/ of a stream in feet per second 
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by v; and the sectiorud area in square feet by A; so that Q = 
V A. 

3. Belaaon between Head and Telocltf. — KULE \ .^^Theoretical 

heady h, due to a given velocity, v ; 

'^ = ft = 6?i- ^®^^ ^*^^^' P*Se 249.) 
BuLE VL — Theoretical velocity/, v, due to a given head, h; 
V = 8-025 JT, 

E.ULE VII. — To find the loss of head, h, due to a given gam 
of velocity in a stream ; let the velocity of approach (or original 
velocity, at the point where the greater head is) be the fraction, w, 
of the velocity of discharge; let v be the velocity of discharge ; and 
let F be b, factor of resistance (as to which, see next Article); then 



|2 



;i = (i + F-n2)g^. 

BuLE VIII. — ^To find the velocity of discharge due to a given 
loss of head; 



" = 8025 ^ (nn^— .). 



Bemabk. — n is the ratio of the sectional area of the channel of 
discharge to that of the channel of approach. "When those areas 
are equal, as in an uniform cliannd or an uniform pipCy 1 — w^ _. Qj 
and then the formulae become 



* = lU' - = ««25 V f- 



4. Factors of Ke«i»tance.— Values of F in Bules VII. and VIII. 
(1.) Friction of an orifice in a thin plate — 

F = 0-054. 

(2.) Friction of mouthpieces, or entrances from reservoirs into 
pipes, — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

The same mouthpiece making the angle 6 with a perpendicular 
to the side of the reservoir — 

F = 0-505 + 0-303 sin + 0-226 sin^ 6. 

For a mouthpiece of the form of the "contracted vein" — ^that is^ 

s 
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one somewhat bell-shaped — and so proportioned that if c? be its 
diameter on leaving the reservoir, then at a distance d -i- 2 &om 
the side of the reservoir it contracts to the diameter '7854 d, — ^the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at sudden enla/rgements, — Let A^ be the sectional 
area of a channel, in which a duice, or slide valve, or some sach 
object, produces a sudden contraction to the smaller area a, followed 
by a sadden enlargement to the area A^ Let v in the formulae of 
!Rules VIL and YLEI. stand for the velocity in the second enlarged 
part of the channel, so that Q = Ag v. Let 

A 

Then 



« = ^y (2-618 -1.618 



F = (71 - 1)2. 

(4.) Friction in pipes and conduits. — ^Let A be the sectional area 
of a channel ; 6, its border — ^that is, the length of that part of its 
girth which is in contact with the water; I, the length of the 
channel, so that I bia the frictional surface; and for brevity's sake 
let A -7- 6 = m; then, for the friction between the water and the 
sides of the channel, 

^ -^ Am' 
Let d= diameter of pipe in feet; then 

For iron pipes (not pitch-lined) *.../= 0*005 (l + To;t }; 

0*000227 
For open conduits, /= 0*00741 + —> 

The quantity m = A 4- & is called the ^^ hydraulic mean depth'* 
of channel, and for cylindrical and square pipes running full is one- 
fowrth of the diameter. 

Rule IX. — To find the declivity (^) in an uniform channel of a 
given hydraulic mean depth (m); 

. h f . v^ 
I m 2 g 

In an open channel this is an actual slope of the surface of the 
water. In a close pipe it may be a virtual declivity, due wholly or 
partly to diminution of pressure. 

* In iron pipes lined with smooth pitch the co-efficient of fiiction is about 
one-sixth part less than in unlined pipes. 
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(5.) For bends in cXTcnda/r pipes, let d be the 'diameter of the 
pipe; e> *1J6 radius of curvature of its centre line at the bend; 0, the 
angle through which it is bent; v, two right angles; then 

F = J{0131.1.847(//}. 

(6.) For bends in rectangvla/r pipes, 

F = 5{0.124.3.104(//}. 

(7.) For hiees, or sharp turns in pipes, let be the angle made 
by the two portions of the pipe at the knee; then 

F = 0-946 sin2 ~ + 2-05 sin* 1 

Rule X. Summary of losses of head, — "When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner : — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted by v. 

Let the ratios borne to that velocity by the velocities in 
other parts of the channel be known; Uq v being the "velocity of 
approach," ti^ v the velocity in the first division of the channel, 
^2 V in the second, and so on; and let F^ be the sum of all the 
factors of resistance for the first division, Fg for the second, and so 
on ; then the loss of head will be 

h = -gj^ (1 - 7^S + Fi w? + F2 7il + &a) 

5, Conti'actloii of Stream — Co-efflcieiilii of Discharge* — ^KULE XL— 

To find the effective area of an outlet; multiply the total area by a 
fraction called the co-efficient of contraction. 

For uniform streams there is no contraction, and the co-efficient 
isL . 

Kemabe. — Sometimes it is impossible to distinguish between 
the effect of friction in diminishing the velocity (expressed by 
1 -^ n/ 1 + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient of efflux or of discharge. 

The quantities given in the following statements and tables are 
some of them real co-efficients of contraction, and some co-efficienta 
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of discharga In hydraulic formulae such co-efficients are usually 
denoted by the symbol c, 

(l.\ Sharp-edged circular orifices in flat pUUes; c = • 618. 

(2.) Sliarp-edged rectatigular orifices in, vertical fl^ plates. — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet ; and h the head, measured from 
the centre of the orifice to the level of still tjoater, 

Q = 8-025 cA.Jh. 
Co-efficients of Discharge fob Rectangular Orifices. 



Head. 




Height of Orifice -f- 


Breadth. 






-f- 1 




0-5 


0-25 


015 


O'l 


0-05 


Breadth. 














005 




•.. 


• •• 


• •« 


... 


709 


CIO 




••• 


... 


• « • 


•660 


•698 


015 




•«> 


• .. 


•638 


•660 


•691 


0*20 




••• 


•612 


•640 


•659 


•68s 


025 




... 


•617 


•640 


•659 


•682 


0-30 




•590 


•622 


•640 


•658 


•678 


040 




•600 


•626 


•639 


•657 


•671 


050 




•605 


•628 


•638 


•655 


•667 


o-6o -5 


72 


•609 


•630 


•637 


•654 


•664 


0-75 -5 


85 


•6x1 


•631 


•635 


■653 


•660 


i-oo -5 


92 


•613 


•634 


•634 


•650 


•<55S 


1-50 -5 


98 


•616 


•632 


•632 


•645 


•650 


2-00 -6 


00 


•617 


•631 


•631 


•642 


•647 


2-50 -6 


02 


•617 


•631 


•630 


•640 


•643 


3-50 -6 


04 


•616 


•629 


•629 


•637 


•638 


400 '6 


05 


•615 


•627 


•627 


•632 


•627 


6 00 '6 


04 


•613 


•623 


•623 


•625 


•621 


8-00 '6 


02 


•611 


•619 


•619 


•618 


•616 


IQ-OO '6 


Dl 


•607 


•613 


•613 


•613 


•613 


15-00 •6( 


DI 


•603 


•606 


•607 


•608 


•609 



(3.) Sharp-edged rectangular notches in flat vertical weir hoards. 
— The area of the orifice is measured up to the level of stiU water 
in the pond behind the weir. 

Let h = breadth of the notch ; 

B = total breadth of the weir; then 



c = -57 + 



10 B^ 



provided h is not less than B ^ 4 
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(4.) Sharp-edged triangular or Y-shaped notches in flat vei^ticaZ 
weir hoards (from experiments by Professor James Thomson). — 
Area measured up to the level of still water. 

Breadth of notch = depth X 2; c = -595; 
Breadth of notch = depth X 4 j c = '620. 

(5.) Partially-contracted sharp-edged orifice, — (That is to say, an 
orifice towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

w, the fraction of the edge of the orifice which coincides with 

the border of the channel; 
cf, the modified co-efficient; then 

c' = c + -09 n. 

(6.) Flat or round-topped weir^ area measured up to the level of 
still water — 

c = '5 nearly. 

(7.) Sluice in a rectangular channel — 

vertical; c = 0*7; 

Inclined backwards to the horizon at 60°; c = 0-74; 
„ „ „ at 45°; c = 0-8. 

(8.) Incomplete contraction, — Let A be the area of a pipe partially 
closed by a partition, having in it an orifice of the total area a 
and effective area c a ; then 

•618 
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6. DiMharge from Slnicca and Notches. — Let h be the breadth of 
the orifice ; h^, the depth of its upper edge, and Aj^, that of its lower 
edge, below the level of still water in the pond ; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second. 

BuLE XIL — Rectangular orifice — 

Q = 8025 c X 1 5 (Ai* — v) = 5-35 ch{h^— v). 

Rule XIII. — Rectangular notch, with a stiU pond; A^ = 0; h^ 
measured from the lower edge of the notch to the level of still 
water. 

Q = 8025 c X |5 Ai* = 6'Z5chh^ = (305 + -535 g) h h^. 
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Table of Values op c and 5*35 c. 

^,...^ I'o 0-9 08 07 o-o o'S 0*4 o*3 0*25 

c, '67 '66 '65 '64. '63 '62 '61 '60 '595 

S'35c> 358 353 348 342 3*37 3'32 3*26 3-21 318 

The cuhe of the squa/re root of the head, h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to ^ ; then op- 
posite, in the column of cubes, will be an approximate value 
ofAi*. 

ItuLE XIV. — Rectcmgvlot/r notch, vnth cfo/rreprd a/pproachmg t^.— 
"When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity cf approOiCh: compute the height 
due to that velocity as follows : — 

^0 = "^0 -T- 644; 
then, 

Q = 5-35 ch{(h^ + Ao)* — h^^} . 

KuLE XV. — Triangular or Y-shaped notch, loUh a stiU pond; h^ 
measured from the apex of the triangle to the level of still water. 

Let a denote the i-atio of the hcdf-hreadth of the notch at any 
given level to the height above the apex, so that, for example, at 
the level of still water, the whole breadth of the notch is 2 a A^; 

Q = 8025c X YgaV = 4-28caAjL7; 

and adopting the values of c already given, we have, 

for a = 1, Q = 2-54 h^; for a = 2, Q = 53 h^i. 

For squares and fifth powers, see page 32. 

Bulb XVI. — Drowned orifices are those which are below the 

level of the water in the space into which the water flows as well 

. as in that from which it flows. In such cases the difference of 

the levels of still water in those two spaces is the head to be used 

in computing the flow. 

KuLE XVII. — Browned rectangular notch, — Let h^ and h^ be 
tj^ie heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tively; 

Q = 5-35 c6 (h, + 1^) ^ (/^-/ig). 
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EuLE XVIII. — For weira unth broad fl<U create, drowned or un- 
drowned, the formulsB are the same as for rectangular notches^ 
except that the co-efficient e is about *5. 

Bulb XIX. — GmaputcUion of the dimenaiona of orifices, — Most 
of the preceding formulae can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Eule XII. is applicable, the breadth of the 
orifice is given as follows : — 

5 = Q -. 5-35 c (Jiji — h^i). 

If Bule XIII. is applicable, the depth of the bottom of the 
notch below still water is given bj the equation, 

^= {Q-5-35c6}i 

If Rule XY. is applicable, 

^= {Q-f-4-28ca}i 

7. Discharge of ITater-Pipes.— BULE XX. — To find the loss of 
head, h, in a length, l, of a pipe of the uniform diameter, d (all 
dimensions in feet); 

Bulb XXL — To compute the discharge of a given pipe; the data 
being h, I, and c?, all in feet. 

For a rough approximation, we may take an average value for 4 f. 
The value commonly assumed is -0258. This gives for the approxi- 
mate velocity 

«7 = 8-025- 



or, a mean proportional between the diameter and the loss of head 
in 2,500 feet of Imgth. When greater precision is required, 
make 

Then the discharge is given by the formula, . 
Q = -7854vcP. 
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Rule XXII. — To find {in feet) the diameter d of a pipe, so that it 
^udl deliver Q cubic feet of waJter per second, with a loss of head at 
the rate of h, feet in ea^ch length of \ feet. 

Assume, as a first approximation, 4/'= -0258. This gives, as a 
fii*st approximation to the diameter, 

d' = 0-23(i|!)^j 
Compute a second approximation, 

if this is = 4/', d' is the true diameter; if not, a corrected diameter 
is to be calculated as follows : — 

In the preceding formulsa the pipe is supposed to be free from 
all curves and bends so sharp as to produce. appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let A" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

1 + — : 1. 
^ 5h 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the reseiToir, viz. ; — 

(1 + F) v^ -f- 64*4; F being the factor of friction of the mouthpiece. 

The preceding rules are for clean iroii pipes. To allow for 
incrustation, add one inch to the diameter of all pipes. ' 

8. Discharge and Dimensions of Channels. — KULE XXIII. — To 

find the declivity, i, of the upper surface of the water in a channel 
of the hydi'aulic mean depth m; 

I m 04-4 \ V / 64-4 m 

Rule XXIY. — To compute the discharge of a given, stream, the 
data being i, m, and the sectional area A. Assume an approximate 
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vcdrie for the co-efficient of friction, such as/' = '007565; then 
the Ji^st approximation to the velocity is 



V' = 8025y^_i^ = J^5l2i^= 92-26 JiU^; 

or, a mean proportional between tlie hydraulic mea/n depth and the 
fall in 8,512 feet, A first approximation to the discharge is 
Q' = v' A. 

These first approximations are in many cases sufficiently accurate. 
To obtain second approximations, compute a corrected value of / 
according to the expression in brackets in Rule XXIII ; should 
it agree nearly or exactly with /', the first assumed value, it is 
unnecessary to proceed further; should it not so agree, correct the 
values of the velocity and discharge by multiplying each of them 

by the factor, I -^^. 

KuLE XXV. — To determine the dimensions of an uniform channel 
which shall discharge Q cubic feet of water per second with the dedivity 
L Assume a figure for the intended channel, so that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also the proportion A ~ m^ 
of the sectional area to the square of the hydraulic mean depth, 
which will be known although those areas are still unknown ; let 
it be denoted by n. 

Compute fi/rst approximations to the hydraulic mean depth and 
velocity as follows : — 






from these data, by means of Rule XXIII., compute an approxh- 
maJte dedivity, i'. If this agrees exactly or veiy nearly with the 
given declivity, % the first approximation to the hydraulic mean 
depth is sufficient; if not, a corrected hydraulic mean depth is to be 



found by the following formula :- 



/ 



m 



=»'G+A> 



From the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it. 

9. Swell and Backwater Produced by a Weir. — When a weir or 

dam is erected across a river, to calculate the height, ^, in feet, at 
which the water in the pond, close behind the weir, will stand 
above its crest; Q being the discbarge in cubic feet per second, and 
b the breadth of the weir in feet; 
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Buu XXVL — Fffpnof tfroioiMd^widi a flat or atigliilj rounded 

Bulk XXVLL— ITsir drmened^—Le^ il, be the hei^t of the 
wmter in front cf the -veir above its cresk 

FirM appnmmuMtiam; *! = *,+ (^)*- 

Seanui approadmation; h\ = h\ — k^ f 1 — j , ^hJ ' 

BuLE Xx vin. — ^In a channel of nnifixnn breadth and de- 
cliTitT — 

Let t denote the rate of inclination of the bottom of the stream, 
vhich is also the rate of inclination of its sorfiioe before bdng 
altered by the weir. 

Let «^ be the natural depth of the stream, before the erection of 
the weir. 

Let )j be the depth as altered, doee behind the weir. 

Let 2, be any other dq>th in ihe haekwcUer, or altered paitof tihe 
stream. 

It is required to find x, the distance from the ireir in a directkn 
up the stream at which the altered depth ^^ will be found. 

Denote the ratio in which the depth is altered at any point hj 
^-i- )q = r; and let ^ denote the £[>llowing function of that ratio: — 

1 ^ 2r+l 1 1 1 , 

^-^^^i^-^^— + — + — nearly. 

Compute the values, f^ and f 2» of this function, corresponding to 
the ratios r^=z\-^ ^q and r, = )^ ~ 3^ Then 

*=^^ + (r-264)(fi-f2)>«- 

The following table gives some values of f : — 



r 
i-o 
II 

1-2 

1-3 
14 
1-5 
1-6 



00 

•68o 
•480 
•376 
•304 
•255 
•218 
•189 



r 
1-8 
19 

2-0 
2*2 
2'4 
2-6 

2-8 
3*0 



P 
•166 

•147 
•132 
•107 
•089 
•076 
•065 
•056 
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10. Tine of Kntptring a KeaerrAir. — EULE XXIX. — Let Q be 

the rate of discharge at the outlet, supposing the reservoir kept 
constantly full^ W, the whole volume of water in it. Then 

Tim^inSecondBss 

2 W 
For a vertical-sided reservoir of uniform depth, -^^r- 

For a wedge-shaped reservoir (triangular vertical ) 4 W 
sections; maximum depth of the sections uniform), j 3 q 

For a pyramidal reservoir (base at the surface, apex ) 6 W 
at the outlet), j 'q'q 

BxTLE XXX. — To find the time required to equalize the water- 
levd in two adjoining basins with vei-tical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest dijSerence of water-level between the basins. 

11. CaM»4e from a Welr-Creat.— EULE XXXI. — To find the 

horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fell below that crest; take 
once-and-a-third of a mean proportional between that fell and the 
height from the weir-crest to still water in the pond. 

12. Bain-Fall. 

Ixudies Cubic feet Gallons Onbicfeet Gallons Inches 

Depth of on on on a on a Depth of 

Bdn-faU. an acre. an acre. square mile. square mile Bam-fall. 

1 3,630 22,63s 2,323,200 14,486,314 I 

2 7,260 45,270 4,646,400 28,972,627 2 

3 10,890 67,905 6,969,600 43,458,941 3 

4 14,520 90,539 9,292,800 57,945,254 4 

5 18,150 113,174 11,616,000 72,431,568 5 

6 21,780 135,809 13,939,200 86,917,882 6 

7 25,410 158,444 16,262,400 101,404,195 7 

8 29,040 181,079 18,585,600 115,890,509 8 

9 32,670 203,714 20,908,800 130,376,822 9 
10 36,300 226,349 23,232,000 144,863,136 10 

For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An tncfe of rain per annum on cm acre is roughly equivalent to 
ten cubic feet per day. 

An inch of rain per annum on a square mUe is roughly equi- 
valent to forty thousand gallons per day. 

Annual depth of rain-fall in different countries and seasons 
ranges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Batio of available to total rain-fall on gathering-grounds; steep 
impervious rock, &om 1*0 to 0*8; iaoorland and hUly pasture, from 
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•8 to '6; cultivated land, from *5 to 4, and sometimes less; 
chalk, 0. 

Greatest depths of rain in short periods: one hour^ 1 inch; four 
hours, 2 inches; twenty-four hours, 5 inches. 

13. Stability of Bed of Stream.— Greatest velocities of the current 
dose to the bed, consistent with the stability of various materials: — 

Soft clay, 0*25 foot per second. 

Fine sand, 0*50 „ „ 

Coarse sand, and gravel as large as peas, 070 „ „ 

Gravel as large as French beans, i -co „ „ 

Gravel 1 inch in diameter, 2*25 feet per second. 

Pebbles 1 J inch diameter, 3*33 „ „ 

Heavy shingle, 4*00 „ „ 

Soft rock, brick, earthenware, 4 '50 „ „ 

Rock, various kinds, \ , " , " 

' ' \ and upwards. 

14. strensth of Woter-PipcM.— KuLE XXXIL — To find the kcui 
proper thickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of water (see page 
103) by 1 2,000, and multiply the bore or internal diameter of the 
pipe by the quotient: secondly; take a mean proportional between 
the internal diameter and one forty-eighth of an inch: the greater 
of those two quantities will be the required thickness. 

Rule XXXIII. — To find the grecUest worldng presswre, in feet of 
water, whicli a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs. to the foot, see pages 149 and 153. 

Rule XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton ; multiply the difference of the squares of the 
outside and inside diameters by '00108. 

K faucet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. ^^^ ^^ ,^ 

It). DemRnd for Water in Totrns. per day. 

Used for domestic purposes (liberal supply), 15 

Washing streets, extinguishing fires, supplying foun- 
tains tfec, 3 

Trade and manufactures, » 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 

Total, under careful regulation, 27^ 

Additional waste, in some cases, 22^ 

Total in some cases^ 50 



WATER-SUPPLY — HYDRAULIC PRIME MOVERS. 269 

Greatest hourly demand = from 2 to 2 J x average hourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section II.— Rules relating to Hydraulic Prime Movers. 

1. Oeneral Bales. — HuLE I. — To calculate the total or gross 
2>ower of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-race to the surface of the tail-race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due to velocities, see pages 248, 249.) Multiply the sum 
(or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-powei*. 

Kemare. — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 265. 

HuLE II. — To estimate the net or effective 'power of a fall of water; 
multiply the gross power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0-65 to 0*75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for tlndershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0*6 to 0*8. 

BuLE III. — The vdocUy oj greatest efficiency for a water-wheel 
is as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 0*4 to 0*6 (or on an average 
one-half) of the velocity of the feed-water; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). 

In Cases I. and II. the surface-velocity is measured at the place 
where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
outlets to be that due to the whole head. 

Bemark. — If the whole head is used to impel the feed- water (as 
in wheels which act wholly by impulse), Case I. of Rule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given. Case I. 
determines how much of the head is to be used in giving velocity to 
the feed-water — viz.^ the head due to from 2^ to 1§, or an averag^Q^ 



vy dam^Z€ of d^ iz»ui sfwed of the wlied. For relatioiis between 
Lead mzti Tc^-:crr. see pa^ f49. 

K3&M=fL!l — kedid reqimcd for Telocity of feed. Velocity of feed 
= f X \Tci:^iT of ester snr&oe of whed. Qrdinaiy vdodiy of 
cot^r siafLce c/ viieiel = 6 feet per second; Telocity of feed-water^ 
If frcc psr second: bead for tbat velocity, about 2'25 feet 

A :-rsiui rAde/ may be made of any greater diameter. 

BruK T. — To £nd the dear hrmdlh (7) between the crowns (or 
fiat *ims of t2»e wbeel). called also the Imgih of the backeta. 

Lk Q be the Tolnme of water, in cubic feet per second; ti^ the 
sendee Telochy cf the wheel, in feet per second; r, the outside 
radios of the wheel; b, the depth of ahronding ( = fixHn 1 to 1*75 
loot): (all measurements in feet). The buckets are supposed to 
ran two-thirds folL Then, 



Sub 



('-f.) 



Stle TX — Other dimamons qf buckets. Distance between 
their K:»ttoms, measured on the sole (or inner circnmferenoe) = 6. 
Opening between lip of bucket and front of the next backet above 
— ^when the slope of the circomferenoe of ihe wheel at the point 

where the water is fed to it is between 0"* and 24°, -; for steeper 

scopes, i, X sm. slope. 

Rule TIL — To find the best positions for the guide-biades, 
between which the water flows on to tiie wheel 

In fig. 103 let A £ be a section of a bucket, £ its lipi Draw 
yB the straight line £ D H a tangent to the dr- 
cu inference of the wheel ; and make £D = u, 
the sur&ce Telocity; and £ H = 2 w. Draw 
D L parallel to a tangent to the lip of the 
bucket; draw HC perpendicular to £H, 
cutting D L in C; join £ C. 

Then £ C represents the best velocity for 
the supply of water to the. wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
topwater level in the penstock due to that 
velocity. 

Also, .^ H £ C will be the proper angle 
for the guide-blades of the middle outlet to 
make with the tangents to the circumference 
of the wheel at the points where they meet 




Fig. 103. 
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it, in order that the water may glide into the bucket withou-fc 
collision. The co-efficient of contraction for orifices between guide- 
blades is about c = 0*75 ; consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 

2 O 
formula^ A = ^ — ; and this is to be provided by having a 

sufficient number of outlets before and behind the middle outlet. 

The positions of the guide-blades for these outlets are found as 
follows : — 

Take the depth of the narrowest part of each outlet below ■ the 
topwater level of the penstock; compute the velocity due to that 
depth; from B lay off distances, such as BK, BL, representing 
those velocities, so as to find a series of points, such as K, L, in the 
line D C L; then will .^ H B K, .^ H B L, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 
of outlets where the velocities are B K, B L; and so on for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 
bladeS; the height of the topwater above the regulator, necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 07, should be computed by the for- 
mula hi = ( q.yg i )} ^^^ t^^6 depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Undershot Tilieels (Poiicclet»')«^EuLE VIIL — (Usuol dimenr 
siona of whed and' sluice) 
Diameter = fall x 2, nearly. 
(The faU is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet) Depth of shrouding 
= ^ fall. Greatest depth of 
opening of sluice = ^ fall. 
To calculate breadth (5) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; h, the fall 
5Q 




in feet; then h = 



4Af 



Fig. 104. 



Rule IX.— To design the whed-race. In ^g, 104 draw H F G a 
tangent to the wheels with a declivity of one in ten. 
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A:: cLe Leidic —^ ^^^ H F G, dimw K L to lepceMni Ik 

upper sor^kre of tihe scre&zn, meeting the ciicuiu ferBPce of As 
whie«i :ic uie pxni* L. Then make tbe aectian of tlie bottom d 
xhe whieel-nce ^3czi G to F ul arc d a circle^ equal to GI^ ni 
c£ the sime radius : that Bs^ tiie oataide ladhis o£ the whfid. 

Frrm G to £ the wheeL-iace is £xmed bo as to dear the iriieel 
by 4b: ct 0-4 iiLoh- 

RcLZ X. — To desiztL the^ooff : — 

la c^ lOJ draw B C to represent the dbectioa and Tdociljaf 

the stream of feed-water A, and B V 
a tangent to the circnmliBraioe d 
the wheel at the centre of U 
stream; and finoni G let fiill CV 
perpendicokr to B N. MakB BD 




= — <^BN, and join CD. IKi 

line will be parallel to a tangent is 

the fip £ of the float. The mid 

Y*^ 103, the float may be made of the figm 

"^ of a circular arc, touching a ndhi 

of the wheel at its inner edge. From two to three floats in tk 

length of the arc L G (%. 103) are in general a sofficM 

nomber. 

The ^ficiency of this wheel is about -6 when not drowned, and 
4S when drowned- 

4 i:adcrak«t Wheel te «■ Sp ca rwiiwi — Wheels of this dasi 
have their doats usually plane and radial, and fixed at distances 
apart equal to their depth. 

Rrus XT — The following is the useful work per second of 
such a wheel ; r being the velocity of the current; m, that of the 
centre of a doat; A, the area of a float, in square feet; and P, 
the weight of a cubic foot of water : — 

9 

The velocity of the ceutres of the floats for the greatest effidencj 
is half the velocity of the current; and tbe efiiciency at that speed 
is 04. 

5. Tw^tars.— EuLE XIL — For the vdocity of the feed-vjoUfr; 
in iuipidse turbines take tbe velocity produced by the whole head; 
in pressure turbines, the velocity produced by half the head 

Rule XIIL — To find the proper obliquity of the guidMdadea to 
the receiving surface of the wheel; divide the volume of feed- 
water per second by the area of the receiving surface of the wheel 
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(diminislied by ^ for contraction), and bj the Telocity of feed; the 
quotient will be the sine of the required angle. 

BuLE XrV. — To find the proper obliquity of the floaJts to the 
leoeiying sur&ce of the wheel; in impulse turbines proceed as in 
Bule X., page 272; in pressure turbines make the receiving ends 
of the floatsperpendicular to the receiving suiface of the wheeL 

KuLE X v.— (In this rule the discharging surface of the wheel 
IS supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discharging surface of the 
wheeL In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats; in pressure tiirbines take ^e tan- 
gent of the obliquity of the guide-blades. Multiply the tangent so 
nnind by the ladius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient will be the tangent of the obliquity of the discharging 
^ends of the floats. 

6. Re-«cti«a Wheels.— Rule XVI. — To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
per second by the velocity due to twice the head. 

7. HydniBiic Bam. — The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a poiiion of the 
*wster is to be raised; 

H, the height of topwater in the pond above the outlet of the 
waste clack; « c_ 

L, the length of the supply pipe from the 
pond to the waste clack; 

J), its diameter; then 

H=A;L = 2-8H = 014A;D = g = 4. 

Let Q be the whole supply of water, in cubic 
feet per second^ of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 



I 



qh 2 , 

^ = 3, nearly. 



Fig. 106. 



& wlBdmiUk-^meaton's proportions for sails. (See fig. 106.) 

AB = iAC;BC = |AC; BD = CE = iAC; CF=:^Aa 

Angles qfuxather, or obliquities of the sail to the plane of rota- 
tion, at different distances ^m the axis of the wind-shaft; 



374 wnmMJouxM, 

j y u t m tf maxdwrf AB;... ^ ' 3 4 5 6 

(fintbtt) (t^) 

Aif^of-tPMtlwr^ i8* 19* 18^ i^ i2''| 7^ 

Beat speed for tq» o£ aili^ 3*6 X speed cf wind. 

MfieHn pawer^ in foot4lML ps aeoc»d = 0-00034 A«*; wlien 
A = aicB of circle swept by wiHa, in aqoaie feet, and « s= Ydodtr 
of wind, in feet peri 



EEL — ^BcuB sKLisoro to PioFiTiaBQv or Ybhda 

L BwiMHM* •TTiiMiii For lektioDS between qpeed in feet 
per second and speed in knots, aee pages 102, 114* 

BruB L — (^ven, tbe intended greatest speed of a ship in knoti; 
to fead the least loigth of tbe €^Urhotfy neoessaxy, in order tbsi 
tbe resistance mar not increase fester than tbe aqnaxe of tb 
speed : take tM r e e t i g k i ks of tbe square of the speed in knots for the 
le^tb in feet (ScoU Bnssdrs Role). 

To fiilfil tbe same condition, tbe Jom^ody should not be shorter 
than tbe length for tbe after-body given hy the preceding role, sod 
mar with advantage be 1^ tinifis as long. 

RcLE IL — ^To find tbe greatest epeed in knots suited ton giTen 
length of after-body in feet; take the square root of 2§ times thst 



tCLE IIL — ^Wben tbe speed does not exceed the limit given hj 
Bale II., to find tbe probable resistanoe in lb&; measore tli^ 
mean immenfd girik of the ship on her body plan; multiply it 
by her length on the water-line; then multiply by 1 + 4 (mean 
equaz>? of sines of angles of obHqai^ of stream-lines). The prodact 
is called the augmaUed nufaee. Then multiply the angmeoted 
suriace in square feet by the square of the speed in knots, and bj 
a constant co-efficient; the product will be the probable resistance 
in II1& (S^ abo page 303). 

Co-efficient for clean painted iron vessels, 01 ; 

,, for clean coppered vessels, -009 to "008; 

., for moderately rough iron vessels, Oil and npwaich. 

Bnx III. A. — For an approximate value of the resistance in 
well-designeil steamers, with dean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
dis|>lacement in tons. For different types of steamers tiie resist- 
ance ranges fix>m *8 to 1*5 of that given by the preceding calcula- 
tion. 

BruB rV. — To estimate the nd or effective harse-poioer expended 
in propelling the vessel; multiply the resistance by the speed in 
knots, and £vide tbe product by 326. 
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Bulb IV. a. — ^To estimate the gross or indicated Jaorsa-pewer re- 
quired; divide the same product by 326, and by the combined 
efficiency of engine and propeller. In ordinary cases thafe e£Giciency 
is from *6 to '625 — average, say *613; tberelore ia aadk caaes the 
preceding product is to be divided by 200. 

2. Thraat mt Pvoyellenk— BuLE Y. — ^To ceJculate the thrust of a 
propelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area^ in square feet, of the stream 
driven astern by the propeller; the speed of that stream, rdiUivdff 
to the M/p^ in knots; the real elipj or part of that speed which is 
impressed on that stream by the propeller, also in^ knots; and the 
constant 5-66 for sea-water, or 5-5 for fresh water. 

Bulb YL — Given, the product of the velocity of advance, in knote^ 
c£ a screw propeller as if through a sdid (s= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
-water in whidi it works (also in knots); required tha [uroduct of 
i^ieed and slip of the stream from the screw, for use in Bule Y. 

Multiqply the first product by 1 P « . (Thisisagood 

TOFOgh approximation when the circumference is between 1^ and 3^ 
tunes the pitdi.) 

Bbxabk. — ^The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to thai of their outer edgea The gross power required to drive a 
radial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

outer radius of wheel \ . 

;), nearly. 



V » 



eight of axis above watery' 

3L Wlomemt mt SaiL-- The centre qf buoyancy of a ship is the 
centre of her immersed volume (found by the Bule of page 84, 
Article 7). 

Bulb YII. — To find the height of a ship's metcumtre above her 
een^ of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-breadtha at the load 
-water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its base. Find the area of that figure by 
%npson's Bule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre ofbtwya/ncy; from which 
subtracting the height of the centre of gravity above the centre of 
baoyancy, there remains the height required, called the metacentric 
height. 

Bule YIII. — To find the moment of sail that a ship can bear; 
multiply together the metacentric height in feet, tb<& ^^^^^s^- 
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sent m tons, ^e €ictor 2340 (to lednoe the tons to pounds), and 
the ane of tbe intmded ai^e of jCnd^ Aos^/ the product will be 
the requiEcd mooKnt in foot-lbs. 

OrdmuT tiItks of sue of an«^ of steady heel: ships, 07; 
achoooen and catten fer tnde or war, '105; jnchts, -157. 

RcxK TSL — To calmlate the wtomaU id a ffiosn mi of smk 
MohiplT dietr area bj the estimated intensLtj of pressure of the 
wiwi. and the pcodnet hf the hc^;ht of the centre of ^ort of the 
■oIb ahoTe the eemtn ofladtend rewitiamee of the vesseL 

Rexakssl — Saik are adapted to a Teasel hj so adjusting their att 
and Hgnre tint the lesohs of Bnle YIIL and Rule IX. are equal 
The (vesBore ci wind to which the extent of canvass called ''all 
pbin sail*' is nsnallT adapted, is about 1 llx on the square foot. 

The emArv of ajfbrt above mentioned is the common centre of 
magnitude of the sails^ found as in pages 83, 84w 

The cemire of latend retUtanee is at a depth below the sniftee 
of the wmter nearij equal to half the vessel's drau^t of water 
amidships. 

The eqmvaJaU tnangle has for its haae a line which usually ex- 
tends hons>ntallT firom the dew ^ ike driver (or aftermost lower 
comer of the a fte rmost saO) to a point directly below the iatk (f 
ike jib; — and for its height, three times the height of the centre i 
efibrt above its base (called the bate of 9aiiy 

Rule IX. a. — Given, the moment of saol, M, as found hy Knle 
Till., and the base oi sail, b; to find the height, Zy of the centre 
of effort above the base of sail; also the area of saiL Let A be the 
height of the base of saO above the centre of lateral resistance; 

thenc = "K/iy-^-^ l) — 2» and area = 1^ zb. 

Exampiei of length of base of sail -^ length of vessel on load 
water-line. Fore and aft rigged vessels, 1*9 to 1*6; square rigged 
vessels, 1*6 to 1*35; foil-powered steamers, 1*0 to O-o (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

Rule X. — Direct pressure of wind in lbs. on the square foot 

. _ (velocity of wind in knots)^ 
nearly - jgg . 

(See Shipbuilding, Theoretical and Practical, by Watts, Rankine, 
Kapier, and Barnes.) 
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PAKT IX 

HEAT AND THE STEAM ENGINE. 

Section I. — Bules relating to the Mechanical Action of 
Heat^ especially through Steam. 

1. Thenii«d7iiaiiiics. — As to measures of temperature^ and of 
quantities of heat, see pages 105, 106. 

KuLE I. — To find the quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

KuLE II. — To convert quantities of heat into equivcUerU qiuzntities 
ofwwh: — 

Multiply by 

British Fahrenheit-units into foot-lbs. , 772; 

British Centigrade-units into foot-lbs., ^>390 j 

French units into kilogrammetres, 424; 

British units of evaporation into foot-lbs., 745,800; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dj/namical equivalent 
qfheaty often called "Joule's Equivalent," and denoted by J. 

Rule III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105) : — 

In Fahrenheit's degrees, add 46 1°'2 

In Centigrade degrees, „ 274 'o 

In Reaumur's degrees, „ 219*2 

Fahr. Cent B^ao. 

Absolute temperature of melting ice, .493°'2 274° 2i9°-2 

Atmospheric boiling point of water, 673* 2 374 299 -2 

(See Table, pages 280, 281, 282.) 

Rule IY.— To find the efficiency of a perfect heal engine, working 
' between given limits of temperature ; divide the difference or range 
between the limits of temperature, by the higher limit of absolute 
temperature. 

Remark. — The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in the course of 
improvement. 
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EXPLAKATIOir OF SYMBOLS. 

T. — ^TempeTatore, measured from the ordinarj zero. 
L — Absolute temperature, measured from the absolute sera 
P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot 

Y. — Volume of one pound avoirdupois in cubic feet. 

PY. — ^Product of these quantities at any given temperature. 

PoY(^ — ^Yalue of that product for the temperature of melting ke. 



Centigrade. Fahrenheit ^*V 

T « T J^ P^Vo 

-30** 244'* -22** 439-2 0-8905 

-25 249 —13 448-2 0-9088 

-20 254 — 4 4572 0-9270 

-15 259 + 5 4662 0-9453 

-10 264 14 4752 0-9635 

- 5 269 23 484-2 0*9818 

o 274 32 493'2 I'oooo 

h 5 279 41 502-2 1-0182 

10 284 50 51 1 -2 1-0365 

15 289 59 520-2 10547 

20 294 68 529-2 1-0730 

25 299 77 538-2 1-0912 

30 304 86 547-2 1-1095 

35 309 95 556-2 I -1277 

40 314 104 565*2 1-1460 

45 319 113 5742 1-1643 

50 324 122 583-2 1-1825 

55 329 131 592-2 1-2007 

60 334 140 601-2 I -2 1 90 

65 339 149 6lO-2 1-2373 

70 344 158 619-2 1-2555 

75 349 167 6282 1-2738 

80 354 176 637-2 1-2920 

85 359 185 646-2 I -3103 

90 364 194 655-2 1-3285 
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Centigrade. 
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CSastisrade. 


Fahrenheit. 
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T 
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734^^ 
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.... 4-6496 
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BniiE Y. — To £bid the total work in a heat-engine done hy a 
given expenditure oi heat; reduce the expenditure of heat to units 
of work (see Rule II., page 277), and multiply by the efficiency. 

Bekabe. — ^A quantity of heat equivalent to the total work 
thus found disappears; and the remainder of the heat expended 
is rejected. 

ItuLE YL — To find the expenditure of heat in a heat-engine 
required in order to do a given total quantity of work; divide by 
the efficiency, or multiply by its reciprocal; the product will be the 
required expenditure of heat expressed in equivalent units of work ; 
which may be reduced to units of heat by dividing by the proper 
co-efficient, as given in Bule II. 

As to eoopandon hy heat, see pages 147, 148; also Tables, pages 
278 to 282. 

Bulb YII. — ^To find the tUal heat of evaporation of an uuit of 
weight of water : the temperature of the feed-water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units, or 537 French units), add 1 for every degree that the feed- 
water is hdow the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is above the atmospheric boilii^ point. 

To calculate the same quantity in units of evaporation at the 
a^meepheric boiling point, £vide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Bttlb YIIL — To calculate the pressure of steam corresponding 

to a given boiling point, or the boiling point corresp<»idmg to a 

j^ven pressure. Let p be the pressure (absolute) ; t, the boiliug point, 

dn ahaohUe temperature T + 461-2 Fahr.; A^B^O, coaistants. Then 

, . B C 1 //A - logp B2 \ B 

lqg^=A- -«^;.= ^(^_^,._j-_. 

Yalues of constants for steam, with common logarithms, and 
pressures in lbs. on the square inch, — 

A LogB. LqgC. g^ ^p^a- 

6*1007 3*43643 559873 0*003441 0*00001184 

B=2732j = 396045. 

KuLE IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the logarithms of the volumes 
is very nearly sixteen seventeenths of the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This rule serves to find volumes of steam corresponding to pressures 
intermediate between those given ill the Table, pages 285 to 28S. 
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VOLUME, WEIGHT, AND WORK OP STEAM. 28^ 

BuLE IX. A. — {Founded on Fairhaim and Tate's Rule for 0ie 
Volume of Steam, hit with different constants.) — To the absolute 
pressure ia lbs. on the square inch, add 0*35 j divide 389 hj 
the sum; to the quotient add 0*41; the sum will be the volume of 
one lb. of steam in cubic feet, nearly, for pressures ranging from \ 
atmosphere to 10 atmospheres. 

For relations between pressures, volumes, and temperatures of 
steam, see Plate at end of volume. 

Rule IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

Effect of Salt on Boiling-point, — Each 32d part by weight of salt 
in water raises the boiling-point l°-2 Fahr. = 0°-67 Cent. Ordi- 
nary sea-water contains one-32d part of salt 

2. Action of Steam in CyUmder.— KULE X. — To Calculate the 

indica^ted power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Rules 
XY. and XVI) determine the viean ^ective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine; the product will be the indicated power in foot-pounds per 
minute; which, being divided by 33,000, will give the indicated 
horse-poioer* 

Remaric — As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept, see page 239, 
Remark on Rule IV. 

Rule X. a. — Or otherwise: — Multiply the mean effective pressure 
by the area of piston, for the load; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled ; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called mean speed of piston.) 

Remark. — The effective or available power is usually about 0*8 
of the indicated power; that fraction being the ejmency of the 
mechanism. 

Rule XI. — In a proposed steam-engine^ to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 

* When indicator-diagrams are taken for scientific purposes, the weather- 
barometer should be observed, in order that absolute pressures may be de- 
duced from the diagram; which of itself shows only differences between the 
pressures of the steam and of the atmosphere. As to conversion of pressures^ 
flee pages 103, U5. 

U 



2d0 HEAT AND THE STEAH ENGINE. 

A . . . 

of the piston in fed per sectmd; — , the ratio in which the area ef 

the piston is greater than that of tilie steam-pott of the cylinder; t^ 
the absolute temperature of the steam in Fahrei^eit^^;re6s; then 
the required ratio is nearlf/, 

180 t a^ 

The velocity of the steam in the port, , should not exceed 

10000 
100 feet per second; and then the ratio becomes 1 r^jr- 

= 1 — -- nearly for Falirenheit's scale, or 1 — — for the Centigrade 

scale. Let t = 720° Fahr. = 400° Cent. ; then the ratio = 0-93 
nearly. 

BuLE XII. — To calculate approximately the ratio i-^) ^ 

-which the vnean ahsohUe pressure in a cylinder will probably be 
less than the initial ahsolute pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 

pm^ ll-l^r-^ 
Pi ^ 

(The quantity r ""^ may be computed by taking the reciprocal of 
r (called the effective cvJt^off)^ and extracting the square root fwr 
times.) 

For results of Method 1, see Table A, page 292 ; also the rigbt- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

Pm__ l-4-hyp. log, r 
Pi r 

For hyperbolic logarithms, see page 14. For results of Method 2, 
see Table B, page 292. 

Remark. — In ordinary practice, the difference between the 
Ttesults of those methods is so small, that the choice between 
them depends mainly on whether a table of squares or a table of 
hyperbolic logarithms is at hand. 




wttJomPTE iraEiKmo or sbuol ftSl 

M$$hod 3.*— (See fig. 107.) Draw a straight Hoe C A B^^ ia 

wMch make A B = 4 A C. Draw A D perpendicular to C A B; 

and about C describe the circular arc BD cutting AD ia D. 

D E 
Then in DA take E, so ^at ^-^ shall 

represent the effective cut-off (and 

DA 

consequentljiYx^ the rate of expansion). 

At E draw E F parallel to A R Then 

EF 

•j-^ will be the required ratio of mean 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
those of Methods 1 and 2. ^'«- 1^7. 

Rule XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the mean 
effective pressure; multiply the initial absolute pressure by the 
ratio found as explained in Rule XII. ; the product will be the 
mean absolute pressure; from which subtracting the bctck-pressure, 
the remainder will be the required mean efifective pressure. 

Absolute hack-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18, 
In condensing engines, from 3 to 5. 

Rule XIY. — ^To allow for the effects of dearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylinder-capacity; -^y the adbwd 

eui-off, or fraction of the stroke during which the steam is admitted; 

-, the effective ciU-off, or reciprocal of the rate of expansion. Then. 

T 

1 

1 r - l+c 

- = r; ; and r = r" t -,• 

rl + c' 1+c/ 

From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by pm, : then the corrected mean absolute pressure is 
as follows : — 

Case I. When there is no cushioning; p'm=Pm^c (Pi—pmj'y 
Pj being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the clearance 

•t the pressure y,;/.= ^*- 

^Fint published in the JSn^neer for the 13th AprOy IB66^ 
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ExPANSiYB Working of Steak. — ^Table A. — Dry ScOwratedSteaTn, 
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Table B.— Moderately Moia Steam. 
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Explanation op Tables. — r, rate of expansion; -, effective 

cut-off; jpi, initial absolute pressure; pm, mean absolute pressure. 

KuLE XY. — To find the effective cylinder-capacity required for a 
proposed steam-engine. To the intended ua^/vl work per miniUe 
add an allowance (say one-fourth on an average) for resistance of 
engine; the sum vnll be the indicated work per minute. Divide, if 
the engine is single-acting, by the intended number of revolutions, 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated vxyrk per stroke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity. 

As to the units in which it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the Un^h of stroke; the 
quotient will be the a/rea cf piston. 

3. Bxpemdllare of Kcat In the Cylinder and Bfllciency of the 

Steam. — KuLE XVI. — To calculate the ahaolvte pressure of release 
{p^ (that is, the absolute pressure at the end of the expansion); 
Case L"— Dry saturated steam, 

cr othenoise : in the left-hand diagi-am of the plate find the volume 
corresponding to pj^; multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case II. — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make ^2 = ~ )• 

HuLE XVII. — To calculate the intensity of a pressure {p^y 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^ as in Bules XII. and XIII., and ^2 ^ ^ 
BuleXVL; then 

In condensing engines, Ph = Pm + ^^ Pzl 
In non-condensing engines, j?ik = Pm + ^^P29 

These results are correct to about one per cent. 

Rule XYIIL — ^To calculate the efficiency of the steam. Let p^ 
be the back pressure, and p, = p^ — Pz *^® mean effective pressure, 
found as in Bule XIII. Then 

Efficiency of steam = ^ = ^7." ^\ , — . 

Ph Pm-^ 15or U;?2 

ItuLE XIX.«— To find the eoipendil/wre of heat in the cylinder in a 



yitm tose; cither mnlftiplTtiie ipdicated woric in that time by the 

of the cffidencj, ^; or mnltipij the Yoliiine swept by 

I in the flUM time b^^ 
r remit is i ifiiw il in uits c£ woik, wkiAmttsfj if required, 
1 imto iMiii— ly uniti of Wmk^ or into mute of empoca- 
tioB^ b^ dividiBg by the ptopf eo-effieie&i ee ^^en in Hole U, 
fVgp S7. For jwnrtiffel parpoaw imilB of ewmfoaJaan. ase the 

Box XCL A. — For tiie cffiect of dceiMice on liie eKpenditnie 
of koHt; celmhtr the cgpenditare of heai ee if theve wore no 
deumnoe; then, — 

Que L— If ^ere is no coahioniii^ multiply by 1 + cr\ 

Que IL— If there is coidiinwiwg snfficiNit to fill the deuAQce 
witk steam at tk:« absohite piietai e p,; multiply by r-i-r^. (See 
B^XIV.) 

^>— ^»«* — Hie resdtt of the preee^ag calealations indndes not 
onty the heat req^ured to prodoce the steam, but tha additionid 
beat required to prerent it finnn oandeiMBPg to anjeonaidfiiable 
extent in the cylinder. 

Tbe following are rales for obtaining exactly, by the aid of the 
Tible at pages 285 to 288, acmie €i t^ resolts to which approzi- 
matims are givai by the preceding roles of this and the previous 
Aztide: — 

One Ibi of steam is supposed to be admitted to the cylinder at 
the temperature T^ ; th^ expanded, until its temperature foils to 
T^ beieg maintained by the aid of jacketing in &e state of dry 
saturation; and then diachaiged against a back pressure equal to 
the final pressure. 

The numbos 1 and 3 denote quantities in the Table oorrespond- 
i^gto the temperatures 1 and 2 reeqpectiTdy. 

KCLS A- — ^Work of one lb. of steam, Uj — XJj. 

BuLE R — ^Expenditure of heat, in units of work, TJj — U2 + Hj 
— A; the value of h being that corresponding to the temperature 
of the feed- water. Of this heat, H^ — A is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4 SxF«iditn« m£ w«iv«— !Rui£ XX. — ^To find the net wdgU of 
Jmi-MxUer required per stroke; divide the total cylinder-capacity 
by the volume of one lb. of steam at the pressure of release {p^, as 
found by means of Rule IX., page 283, or IX. A., page 289; or of 
the Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Rule XX. a. — For a rough approximation to the net weight of 
feed-water per stroke, correct to 10 per cent, and erring on the safe 
side ; multiply together the absolute pressure of release and cylinder- 
eiqmcify so as to get the product in foot-lba.^ and divide by 
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50,000. For the approximate net volume in cubic feet per stroke, 
divide the sama. product by 3^00,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Rule 
XIX.) in units of evaporation. 

Kuus XXL — ^For the gross feed^toater, multiply the> net £oecU 
issater, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^ ; 

If sea-water, and the brine is to be discharged at n times 

2 n 
the saltness of sea-water, multiply by =-. 

Values of n, 3 2^ 2. 

-^feed-water, 3 3J 4. 

RxTLE XXII. — ^In a condensing engine, to calculate the n^ 
fi^/i^ of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the rejected heat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the weight in lbs. or kilos. 

For cubic /eet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

Bulb XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section II. — Etjles relating to Fubnaces and Boiless.. 

1. VncL — BuLE I. — To estimate the theoretical evaporative power^ 
that is, the total heat of combustion of fuel, in units of evaporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fractions for 
carbon, hydrogen, and oxygen respectively. Then, 

Theoretical evaporative power = 15 C + 64 ( H — -J. 

BuLE II. — JS^et weight of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 + 36 



(=-§)• 



In most furnaces some additional air is required to dilute the pro* 
ducts of combustion, thus increasing the supply of air required in 
iheratioof 1^ : 10^2 : L 



J»E 



SmaunvK PawBBi or Fuel. 



OciUlL. —^ ij 

Tjciiiis Hynrtegniriift firam 20 to 22J 

OiHTSoi^ sni Crf^f- ^ „ 12 to 14 

CftiL VeB rafcusia: — ATTrntfiteL,^ 15 

^ ^ lTti4in- Dcqi^.,^...— ...,.« firani 14 to 16 

^ ^ Oini^iai£ii&...... about 13^ 

^ «. £rx'«A^. ....^.«......M „ 12 

fW. ii2sariar«£*JT arr „ 10 

Wmic. it. ,^ ,^ „ 7j 

&i CTftS^aB <£ bbblL ^-can a sxvoi eoaUdd, aboat | of the best 

£i^x TIT — Tz' tfczznise rcosiilT die ^jieioMy of a fimiaoe and 

Oaw L — I^^u^i jEc^daoed bnr a ddmner: — ^DiTide the intended 
vniLSer ^iTjchky iem of beuo^ soi^oe per Ik of fuel per hour by 
1^ JKiK KxiLM- ^ v-«^ : ^eveB-TBielfdts of the qnotient will be the 
Tcviift^ «dBcxBc^ «f t^ fmaa tg^ neaify. The foUowing are 



ATsilablB heat 
FTt'-Wry perlkooal, 

of ifMalbeatis 

FKBtca 131 units of 

Erapocmtion. 

Snill ^Mihu; ssz&«e...«... 0*50 0-46 6-21 

rc75 055 743 

..v_«_ . - - . ■ ixx> 0-61 8-24 

«t«irK-si«i 1 f3 o<o 877 

I 1*50 0-09 9-31 

;^ 2rx> 073 985 

\r*ttfr-niKf a&d c^IInlAr I 3x» 079 10 -66 

Kxkr^ \ 6x» 0-81 ii*34 

Tbi^ if'dScmcT of a fioumaoe is liaUe to be dimimshed by from *2 
to \'^ of 11$ pn>p^r value through unskilful firing. 

dks^ IL Diaught pi>L>duoed by a blast pipe or by a £eui; put 0*3 
in the diTisiL>r instead of 0*5. 

RvLE IV. — ^To estimate the available heai of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
fumaceJ 

Brus T. — To estimate the probable expenditure of fuel in a 
given time requii^ in a given steam engina 

Intimate the expenditure of heat by Eule XIX of the preced- 
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ing section, page 294, and divide it by the available heat of combus- 
tion of an unit of weight of the fuel. 

2. DimeiutoiM of Fnmacea and Boilers and their Fittings. — A rea 

of fitt-graJte; in furnaces with chimney draught, from -1 to -04 
square foot per lb. of fuel burned per hour. 

Area, of fire-graie ; in furnaces with draught forced by blast- 
pipe or otherwise, from '04 to '01 square foot per lb. fuel per 
hour. 

Heading surface; see preceding Article. 

Sectional area of flues or tubes from f to i of area of grate; area 
of ckvmney^ about iV area of grate. 

Capacity of boiler; steam and water space = heating surface x 
from 3 feet to IJ foot in stationary cylindrical and flue boilers; 
from 1 foot to '5 foot in tubular boilers, stationary or marine; and 
about •! foot in locomotive boilers and water-tube boilers. 

Ca'padty of furnace^ flues, and tubes = ai-ea of grate x from 6 to 
8 feet 

Area of air-holes above level of grate = about ?V area of 
grate. 

Pitch of boiler stays, from centre to centre; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. "Working tension on 
hwler shells, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve, — Rule. — Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by '006 ; the pro- 
duct will be the required area in square inches. See p. 303. 

Brine refrigerator for marine boilers : surface of tubes should if 
possible be A square foot per lb. of brine blown off per hour (from 
i to I of gross feed-water). 

Injector^^Beciiojial area of narrowest part Rxtlk — Divide tho 
gross feed- water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circular inches, divide by 630 instead of 800. 



Section III.— Various Dimensions op Engines. 

1. Condensers— Pnmps.~(7om7non condenser, from ^ to ^ capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation- water per 
minute by Rule XXIII., page 295; divide by 1,620 feet; the 
quotient will be the area in square feet. 

Air-pump, single-acting, for common condenser; from 7 to ^ 
capacity of cylinder. Valves and passages of such size that speed 
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of fluids pafising through shall not exceed 12 feet per seeond 
Double-acting air-pump may be half the capaeitj. (See p. 304,) 

Feed-pumpa depend for their capaeii^ on gro6» Bopply o£ feed- 
-water (see Eule XXL, page 295); ana cold water pumpsim the 
gross supply of condensation-water. (Kule XXIII., pctge 295.) 
Brme-pumps for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumps. 

Surface condenser, from 2^ to 5 square feet surface per indi- 
cated horse-power; air-pump, if single-acting, ^ capacity oi, 
cylinder. 

I 2. stcMB-paMagML and T«iTe-p4Mrt» to be of such area that velocity 
of steam shall not exceed* 100 feet per second. - 

3. MMe^vaive c»«MHte»^-By the arhgtiloT advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

BuLE L — Given, the positions of the crank at the instants of 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half-travel of the slide.* 

In fig. 108 let A B and A C be the positions of the crank afc 
the beginning and end of the forward stroke; let the arrow show 
the direction of rotation; let X a; be perpendicular to B C; let 
A D be the position of the crank at the instant of cut-of^ and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D; A F will represent the position of the 
crank at the instant when the slide is at the fortoard end of 
its stroke; and FAX will be the angtda/r advance of ^ 
eccentric. 

Lay off the distance A F to represent the half-travel; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

G and A E in H ; then -^-= = .^ will be the required rado of 

lap at the inductixm-side to half-i/ramd; and A G = A H "wifl 
represent that lap, on the same scale on which A F represents the 
half-travel. 

On the same scale, I K represents the width of opening of An 
valve at the beginning of the stroke, sometimes called the '^leadcf 
the slide." Strictly speaking, this is the lead of the induction-edgo 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning (^ the 
forward stroke, 

* The method used in this and the following rules is that of Proftesor Dr. 
Zeuner, of the Swiss Eedetal Polyt^cOmic School at Zilrioh, puhliahid in his 
treatise on Slide-valve O^im^, e;a\a^^ I>\a ^^i^t^ii^^iigffuanmqeik 
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Kotb IL— Given, the data and results of the preceding rule, and 
tlie position, A M, of the crank at the instant of release; to find 
ihe xatio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begins. Produce F A to L, making 

ALsAF; onAL asa <£ameter draw a circle cutting A M in 

AN 
K: then -t—y '^'^ h© the rehired ratio of lap at eduction-side to 

hUf-traicd. 

About A draw the circular arc N P, cutting the circle A L 
agidn in P; join A P; then A P will be the required poaUian of 
tL8 onmk at the insUmt when cushioning begins, 

Bulb m. — Given, the data and results of Rule I., and the 
position^ A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-travel, and the position 
cf the <a»nk at the instant of release — produce F A as before; 
omALsFAasa diameter draw a circle cutting A Q in P: 
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A P 

-r-y will be the required rcUio of lap <U the eduction-Me to liM- 

A Li 

irrawL 

About A draw the circular arc P N, cutting the circle A L 
again in N ; join A N : A N will be the position of the crank at 
the instant of release. 

Rule iV. — Given, the angular advance of the eccentric, the 
half- travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A a; per- 
pendicular to each other; and take £ and G to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle F A X = the angular advance of the 
eccentric; and make A F = A L = half-travel. On A F and 
A L as diameters, draw circles. About A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in IN* and P. 
Draw the straight lines, AHE, AGD, ANM, APQ. These 
will represent respectively the positions of the ciunk at the instants 
of (ulmission, cut-off, release, and cushioning, 

KuLE Y, — For an eccentric to drive a sepa/rate expansion gridHarm 
slide-valve, make the angular advance 90°; also make width a^ 
openings -4- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. Liink-motfon.— In fig. 109 let A be the axis of the shail; AB, 
the forward eccentric radius; A 0, the backward eccentric radius; 



Fig. 109. 

B D, the forward,. and G E, the backward eccentric rods; D E,tbe 
link; F, the slider or stud. Radius of curvature of linV = leDgA 
of rods, or nearly so. 

Rule VI. — To find the motion of the slide valve produced by 
anyintermediate position of the stud, such as F. 

With a radius bearing the same proportion to hailf the distance 
B 0, that the lengtli oi tYi^ to^^^T^ \y^sa!& to that of the link PK 



\ 
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draw the arc B C* If the eccentric rods are so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc £ C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc £ C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link I) K Then the 
motion of the stud, F, will be very nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-trtwd, A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Rule IV. of the preceding Article. 

5. Nominal Hone-Power. — I. Ordinary Rule for Condensing 
Engines. — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 

II. Admircdti/ Rule for Screuo- Propeller Engines only, — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. RvlefoT Non-Condensing Engines, — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from <mce to six 
times the nominal power. 

^This constmciion is due to Mr. MTarlane Grftv (see his Geometm 
f^ihe Slide Valve.) ' 
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ADDENDA TO PART IX, SESCHDN X 



TmIw •r CMMsr— The following wre ihe nuUmg poinis of a fev 
of the more important substances. The last seven axe g^yen. on 
the authority of Daniell. 



niir. 

Bismuth, 493'' 

Lead, 630 

Zinc, 773 

Silver, 873 

Brass, 1,869 

Copper, 1,99^ 

Gold, 2/)i6 

Cast-iron, 2,786 

Wrought-iron, above 3^280 



Falir. 

Iffercory, — 38** 

Ice, -f 32 

Alloy— Tin 3, lead 5, ) ^^^ 

bismuth 8, about, j 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) ^ 

leadl, / ^4^ 

Alloy— Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — ^Tin 2, bismuth 1, 334 
Tin, 426 

Latent heat of fusion of ice, about 140 British tmits : of tin, 
500. 

Flow of c^aMs.— Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be p^, v^, r^, and without the 
vessel, P2y ^2, Tg; and let Pq Vq be the value of pv for the absolute 
temperature t^ of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel; 

k, a co-efficient of contraction, or of efflux, so that the effective area 
of the orifice is ^ O ; 

w, the maximum velocity which the particles of the gas acquiie 
in escaping, when there is no friction; 

W, the weight of the gas which escapes in a second; then. 



W = 



^2 . Po^o'^i W 



Values of y: air, 1-408; steam-gas, about 1-3, 
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Values of the oo^effioient of efflux k for air, witli effective pres- 
sures of from «23 to 1*1 atmosphere (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- k 

taractsd .^n^ 0*97 to 0*99 

Circular raifices in thin plates^ 0*563 to 0*788 

Oatflow of Steam— Bongh ApproximatioB. — ^Let p^ be the internal 
and P2 the external absolute pressure; q, weight of outflow per 
unit area per second ; then when p2 = or^,^ ^p^y q =p^ -r 70 nearly ; 
and when p^ :^^Pv Q = (P2 -^ ^2) • ^ {{pj^ - p^) -^ fjPa}* 
nearly. Contraction for safety valve openings about 0*6. 

Addendum to Part III., page 132. 

l<eTeiiiag by the Barometer. — To correct the diflerence of level 
given by the formula, for variations in the force of gravity, divide 
by the co-efflcient of y^ in the note to page 245. 



Addendum to Part VIL 

of licatker €oiiar«.^The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr. William More's experiments, is about A of the depth of 
bearing surface of the collar; and according to the experiments of 
Mr. Hick and Mr. Luthy, from *01 inch to *015 inch, according to 
the state of lubrication of the collar. 



Addendum to Part VIIL, page 274. 

AiiiliioHal Bestotance of'Miip, due to short afterbody. — Let V be 

the speed in knots; l, the proper least length of after-body, in feet 
= f t?2; I', the actual length of after-body; S, the area of midship 
section, in square feet; sin 2 y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then, 
additional resistance in lbs. — 

= 566 «;» sin 2y . S a/ (1 - y), nearly. 
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BzFl««tT« OM-Bagin«.— Best proportdoDS of explosive mixtnre; 
air, 8 volumes; common coal-gas, 1 volume. Absolute pressure 
immediately a^r explosion, Pi ^ 5 atmospheres = 10^580 lb& 
on the square inch, nearly. Let r = ratio of expansion \ p^ =^ 2^ 
solute pressure at end of expansion; p^ = /absolute back pressure; 
W = indicated work per cubic foot of explosive mixture. Then 

^2 =^i»*""ii and 

5 7 

W nearly = ^{p^-p^) - 5 (»" - l)/>2 + (»• " 1)(P2 - Po); 

the mean effective pressure is /), = — • 

Approximate formula for final pressure where r is not greater 
than 7 nor less than 2; p^ nearly = 0*54 (- + -^ ] - 0-025. 

Addendum to Part VI. 

Deflection of ^^rin^,^*'— Straight springs are to be treated as beams. (Sm 
page 221.) For spiral springs j made of cylindrical rod or wire, the following ait 
the rales: — 

Let r be the mean radios of the spiral spring, measared from the axis to the oentif 
of the wire ; n, the number of coils of which it consists; d, the diameter of the wire; C, 
the co-efBcient of rigidity of the material; f^ the greatest safe shearing stress niwn it; 
W| any load not exceeding the greatest safe load; r, the corresponding extension or 
compression; Wj, the greatest safe steady load; Vi, the greatest safe extension or 
compression; then 

W Crf* _ 0-196/rf» 12-666 »/r« 



* ^ 0-196/rf» 12-1 



V ~64nH" ^" r ' ^ Cd 

2 



TTie greatest safe sudden load is — 

. , . ,^1^1 2-463 «/«rd« 
The Resilience of the spnng is given by the formula, ^ = ^ . 

The values of the co-efficient, C, of transverse elasticity of steel and charcoal irto 
wire in lbs. on the square inch, range between 10,600,000 and 12,000,000. 

Bv the greatest safe stress must here be nnderstood the greatest stress which is 
certain not to impair the elasticity of the spring by frequent repetition; say 80,000 Ibi 
en ti:e square incn. 

Addendum to Part IX., page 298. 

Resistance of Air-pump of Steam-Engine equivalent to the follow- 
ing additional back-pressure, in lbs. on the square inch of steam 
piston; good air-pumps, 0*5 to 0*75; bad, 10. 
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!;emperature (see Tempera- 

►rce, 104. 

, stability of, 184 

n, 245. 

-rjr, 246. 

f locomotives, 243. 

(ion and elasticity o^ 280. 

368 ; supply o^ 296. 

:02. 

.f steam engine, 297, 304. 

bronze, strength o^ 205. 
asures oj^ 90. 
L of, to the centre, 130. 

sextant, reduction o^ to 
el, 130. 

pose, 180, 182. 
b a right, 127. 
omentum, 247. 
measures o^ 102. 
(see Water), 
r, or equilibrated rib (see 

ry OP brickwork stability 

of, 224. 

ores of, 95. 

suration of, 63, 129, 143. 

L o£, 251. 

c pressure, 115, 132. 

ktion, 229. 

gth o^ 226, 249. 

19. 

are (see Steam). 

from a weir, 265. 

echanism, 235. 

f, 241. 

levelling by, 132, 303. 

t oJ^ 163. 

^ey, to measure, 123. 

on of load on, 212. 

i for weight o^ 220. 

IS over piers, 224. 

ions of equal strength for, 



Beams, deflection o^ 221. 

effect of twisting on, 226. 

limiting length oi^ 221, 

of uniform strength, 219, 229. 

proportion of depth to span o^ 224^ 

resilience of, 224. 

shearing action on, 216. 

stiffoess oi^ 221. 

strength of, 212. 

sudden load on, 216. 

to deduce stress from deflection 
of; 224 

travelling load on, 216. 
Bed of stream, stability oi^ 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour of; 253. 
Blocks and tackle, 238. 
Blowing ofl^ 297. 
Boiler, dimensions and fittings of. 297. 

efficiency of, 296. 

strength oi^ 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of saltness on, 289. 
Boiling points (see Steam). 
Bolts, strength of, 208. 
Boring, labour o^ 253. 
Bracing of frames, 168. 
Brake, 241. ^ 

Brass, strength oi^ 195, 197. 
Breaking across, resistance to (see 

Beam^. 
Brickmaking, labour of; 263. 
Brickwork, labour oi, 264 

stability o1^ 179. 
Bridges, framed, 169. 

girder (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Ajreh). 

suspension, 227. 
Brine, blowing off, 297. 

boiling points oi^ 289. 
Bronze, strength of; 195, 197. 
Building, labour o( 253, 254 
Bulkiness, 147. 
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Buoyancy, 146, 157. 
Buttresses, 184. 

Cables, strength of, 204, 227. 

Canvas, strength of, 205. 

Capacity for heat (see Specifi"- beat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267 

Catenarian curves, tables of co- 
ordinates of, 175. 

ribs, 174. 
Catenary, 80, 174. 
Cement, strength of, 203. 
Centres for arcnes, 190, 255. 
Centre of buoyancy, 167. 

of gravity, 153. 

of ma^tude, 81. 

of osculation or percussion, 155. 

of pressure, 156. 
Centrifugal force, 246. 
Chains, equilibrium of, 170. 

strength of, 227. 
Chairs, railway, weight of, 244. 
Channel, flow in, 264. 

stabihty of bed of, 268. 
Charcoal (see Fuel). 
Chimney, 297. 

Circular lengths and areas, 39, 42, 
68, 77. 

arcs, 61, 77. 
Clearance, 291, 294. 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, resistance to, 211. 
Columns, strength of, 210. 
Combustion (see Fuel). 
Compression, resistance to, 209. 
Concrete, strength of, 203. 
Condensation-water, 295. 
Condenser, common, 297. 

surface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74. 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. 
Copper, strength of, 195, 197. 
Couples, statical, 161. 
Crank, motion of, 236. 
Cross -breaking, resistance to (see 

Beam). 
Crushing, resistance to, tables, 197, 

201, 203, 205; rules, 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Curvature of the earth, 117. 



Curvature of the earth, correctioii for, 

131. 
Curves, measurement of the length 
of, 14. 

on railways, cant o^ 139, 142. 

setting out, 133, 139. 
Cut-off (see Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity oj^ for steam, 293li 

strength of, 207, 211. 

/ 
Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 221. 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242. 
Dip of horizon, 122. 
Discharge, co-efficients of, 259. 
Drainage area (see Rain-f&U). 

Earth, curvature of the, 117, 13L 

dimensions of the, 117. 

heaviness o^ 152. 

natural slope of, 180. 

pressure o^ 179, 180, 183. 
Earthwork, breadths o^ 142. 

labour o^ 253. 

mensuration of, 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). ^ 
Efficiency, conditions of greate^ in 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machines, 239. 

of propellers, 275. 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 
Elasticity of gases, 278, 280. 

of solids, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

potential, 239. 
Epicycloidal teeth (see Teeth). 
Equilibrated arch (see Arch). 
Equivalent, dynamical, of heat, 277. 
Evaporation, factors o^ 284. 

latent heat of, 28a 
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Evaporation, total heat of, 283. 

unit of, 105, 277. 
Excavation (see Earthwork). 
Expansion by heat, 147, 280. 

by the slide valve, 298. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

Falling body, 248. 

Fall of water, energy of, 269. 

Peed-pump, 298. 

Peed-water, 294 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions oi^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246. 

component, 159. 

distributed, 146, 15& 

driving, 240. 

resultant, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
of; 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordmary, 181. 
Frames, braciag of, 168. 

equilibrium and stability o^ 165, 
169. 
Friction, moment of, 241. 

of earth, 180. 

of machines, 240, 303. 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, available heat of combustion 
of, 296. 

expenditure of, 296. 

supply of air to, 295. 
, total heat of combustion of, 295. 
Furnace and boiler, dimensions and 
fittings of, 297. 

efficiency oi^ 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, elasticity o^ 148, 280. 
Gas-engine, explosive, 304. 



Gases, flow of, 302. 

heaviness of, 149. 

properties o^ 278. 
Gathering-ground (see Bain-feJl), 
Gearing, 298. 

Geodesy, engineering, 117. 
Girder (see Beams). 

continuous, 224. 

stiffening, for suspension bridges, 
226. 
Governor (see Pendulum, revolving), 

246. 
Gradients, ruliag, 244. 
Granite, strength o^ 197, 203. 
Gravity, accelerating effect o^ 245. 

centre oi^ 153. 

motion under, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius of, 154 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, efficiency o^ 277. 

expansion by, 147, 148, 278, 280. 

expenditure oi^ in an engine, 283, 
293. 

intensity o^ or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities o^ 105. 

specific, 277, 278, 279. 

unito^ 105. 
Heatiag sur&ce, 296. 
Heaviness, 102, 147. 

tables of, 149. 
Height due to velocity, 248. 

table of, 249. 
Hoop, stress o^ 176. 
Horse-power, 104. 

indicated, of steam engine, 289. 

nomiaal, 301. 
Horses, work of, 251. 
Hydraulic press, strength o^ 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting of, 302. 
Impulse, 2&. 
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Indicated power, 2^. 
Indicator, steam engine, 24^, 
Inertia, moment o( 154. 

reduced, 249. 
Iigection water (see Condensation). 

valve or slnice, 297. 
Iiyector, 297. 

Intensitv of pressure, 103, 115. 
Iron ardied ribs (see Bibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength o^ 195, 197, 199, 
201. 

chains (see Chains). 

&stenin^208. 

malleab& and steely, strength of, 
191, 200, 201. 

pipes, strength o^ 207, 268. 

resilience oC 194. 

stmts and pillars, 209. 

Jet-pbopellsb, 275. 
Journals, strength oi^ 226, 249. 
Jumping holes in rock, labour o^ 

Kits, strength oi, 208. 
Kilognunme, 97. 
Kilogramm^tre, 104. 
Kno^ or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration of, 129. 
Latent heat of evaporation, 283. 

heat of fusion, 302. 
Latitude of a place, to find, 122. 

len^h of a minute of^ 117, 118. 
Lengui, measures of, 92. 
Level, for angles, 130. 

reduction to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132. 303. 

bv the boiling point of water, 133. 
Link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion of, 243. 

tractive force of, 244. 

weight o^ 244. 

worK of, 245. 
Logarithms, common, 1, 11. 

hyperbolic, 35, 38. 
Longitude, length of a minute o^ 117, 

118. 



MAomxns, 228. 

balancing o^ 241. 

driving &C6 oi, 240L 

friction o( 240. 

reduced inertia o( 249. 

varied motion oS, 245. 

work of (see Woik). 
Magnitude, centre o^ 81. 
Man, work oi^ 252 (see Labour). 
Masoniy, labour o^ 253, 254. * 

stability o^ 179. 
Mass, centre of (see Centre c 

gravity). 
Measures, British and Frenohy oom 
parative table oi^ 110, VI. 

multipliers for converdon q£, Kfi 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

of leng;th, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, 103. 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting points, 302. 
Men, work of, 252. 
Meridian, to find the, 119. 

length of arcs o:^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of drivinff, 253. 
Moment, measures o^ 104. 

of inertia, 154. 

of sail, 275. 

of stability, 185. 

of weight, 153. 
Momentum, 245. 
Moneys, 300. 
Mortar, strength o^ 203. 
Motions, comparison o^ 228. 
Mules, work of, 251. 
Muscular strength, work oi^ 2501 
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Katttical mile, 98. 

Kominal hone-power of eDgiDM, 901. 

NotcheB, flow ol wiiter tiiroughy SQL 

Orifice, flow tliroufh (see Water). 
Oscillation, centre of (eee Centre). 
Overahot water-wheelay 209, 270. 
Oxen, work oi^ 251. 

Paddles, 275. 
Parabola, area o( 68. 

length o^ 79. 
ParAUelforoes, 162. 

motion, 236. 
Peat (see Fuel). 
Pendmum, revolving, 24IS. 
Percnssion, centre otj 155. 
Periodical motion, 238. 
Piles for foundationi, 18J2. 

screw, 183. 
Pillars, etrenffth o^ 209. 
Pins, Ertren^^tn of, 208. 
Pipes, friction in, 258. 

flow in, 263. 

strength o^ 207, 268. 
Piston, 238. 

rod, strength o( 210, 250. 
Planimeter or platcnneter, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Platefl, buckled, strength ot, 227. 

weight of, 153. 
Platometer, 80. 
Polygons, regular, 88. 
Ports, steam, 289, 298. 
Posts, strength o^ 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement oi^ 104^ 239. 

muscular, 250. 

of a &U of water, 260. 

of steam engines (see Steanof). 

of windmills, 270. 
Press, hydraulic, strength ot, 207. 
Pressure, centre of, 156. 

intensity of, 103, 115. 

of earth, 179, 180, 183. 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime fistctors, 33. 
Projections, parallel, 87. 
Propellers, 275. 

Propulsion of vessds, 274^ 903. 
Pull (see Tension). 



PnUeyi and beHa^ 235, 238, 241* 
Pumps for steam eogincii 2^. 

QuABBYiNG, labour ci, 258. 

Kails for railways, 241 
Kailways, breadths ot, 14L 

curves on, 133. 

power exerted by looondliTW on, 
245. 

resistance of vehicles' on, 248. 

ruling gradients oL 241 
Kain.falL, 267. 
Kam, hydraulic, 273. 
Banging (see Settiog<oat), 183. 
Re-action of moving body, 246. 

water-wheel, 278. 
Eeciprocals of numbers, 1, 11« 81« 
Reduced inertia, 249. 
Reduction of resiflt«^|06e is madiSaea 

to the driving point, 240« 
Refraction, astronomical, IS^ 

correction of levda for, 181. 
Repose, an^e o^ 180, 182. 
Reservoir, time of emptying, 267« 
Resilience of beam, Wk 

of iron and steel, 191 

of silk, 204. 
Resistance of carriages on roadfl^ 242. 

of earth, 181,183. 

of machines (see Frieticn). 

of materials (see Stroogth), 

of railway traiiis and engines, 248. 

of ships, 274, 303. 

of water in pipes and chanaelii^ 
257, 258. 
Resolution of forces, 158, 159. 
Resultant of couples, 16L 

of distributed mroe^ 158. 

of inclined forces, 158, 160. 

of parallel forces, J62. 

of stress, 158. 

of weight, 158. 
Retaining walls, stability oi, 181 
Retardation, 245. 

Revdtements (see Retaining waXls). 
Rhumbs, table o^ 89. 
Ribs, arched, equilibrium ot, 174^ 176. 

strength o( 225. 
Right angle, to set-out, 127. 
River-bed, stability o^ 268 fMO 

Water-channels). 
Rivets, strength oi^ 208. 
Rivetted joints, strength o( 207. 
Rivettinff, labour ot, 255. 
Roads, plank, labour of making, 255 
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Boads, renstance of vehicles on, 242. 
Bods, weight o^ 153. 
Book-blasting, labour o( 253. 

boring, 25a 

fonn&tions, 181. 

heaviness of^ 152. 

quarrying, 253. 

tunnelling in, 253. 

(See also Stone.) 
Bopes, strength o^ 204 
Botation, 229. 

actual energy o^ 247. 

angular velocity o^ 102. 

axis o( 229. 
Bupture, modulus o^ 198, 201, 202. 

Safety, fSactors o^ 205. 

valve, 297, VI. 
Sails of ships, 275. 
Sandstone, sti:pngth o^ 197, 198, 

203. 
Scales for plans, 125. 

for sections, 126. 
Screwi in mechanism, 235. 
Screw piles, 183. 

propeller, 275. 
Sections, method o1^ applied to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafts, strength o^ 226, 249. 
Shearing, resistance to, 197, 201, 

208. 
Ships (see Vessels). 
Simpson's Bules, 64. 
Sines, 61. 

Slate, strength o^ 195. 
Slide valve gearing, 298. 
Sluices, discharge from, 263. 
Solid, centre of magnitude o^ 9L 

measures, 96. 
Solids, mensuration of, 72. 
Soundings, reduction, of, 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 279. 
Speed-cones, 235. 
Speed, measures of, 102. 
Spheres, strength of, 207. 

volume of, 78. 

weight of, 153. 
Spherical areas, 71. 



Spherical triangles, 55,* 58, 72. 
Springs, deflection o^ 301 
Squares of numbers, 1, 11« 
Stability of masonry, 179. 

of vessels, 275. 
Stars, declinations o^ 121. 
Station-lines of survey^s, 119, 128. 
Steam, action o^ on piston, 289, 2 
292. 

back pressure o^ 291. 

density of, 283, 285, 289. 

efficiency oJ^ 293. 

expenditure of friel on, 296. 

' ofheaton, 293L 
of water on, 294. 

engines, dimensions o( 293^ 297 

latent heat of, 283, 284. 

mean pressure o:^ 290, 292. 

outflow of, 30a 

passages, resistance o^ 289. 

pressure of saturation o^ 283^ 2 

room (see Boiler). 

tables relating t<> action oL 2 
292. 

total heat o( 283, 284. 

valve, 298. 

volume o^ 283, 285, 289. 
Steel, resilience o^ 194. 

strength of, 191, 200. 
Stiflhess of beams, 221. 
Stones, heaviness of, 152. 

strength oj^ 195, 197, 198, 203. 
Stream (see Water). 
Strength of axles, 226. 

of beams, 212. 

of boilers and cylinders, 207, 21 

of bolts, pins, keys, and liv 
208. 

of machinery, 249. 

of pillars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204. 

ofshafts, 226, 249. 

of spheres, 207. 

of suspension bridges, 173, i 
226. 

of teeth, 233. 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 250. 

rules for, 205. 

tables of, 191. 
Stress, measures of, lOa 
Stretching, resistance to, 195, 206 
Struts, strength o^ 209. 
Surface-condenser (see Condenser) 
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Surface, heating (see Heating sur- 

fiice). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225. 

stifEening girder for, 226. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance to, 191, 195, 

Teeth of wheels, dimensions and 
figure of, 233. 

strengtih of, 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strength o^ 206. 
Timber, labour of working, 254 

strength ot 196, 198, m. 
Time, measure of, 90. 
Thermodynamics, 277. 
Thermometers (see Temperature). 
Towers, stability o^ 184 
Towns, demand of water for, 268. 
Trains, railway, resistance o^ 243. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Rupture and 

Beams). 
Triangles, approximate solution of 
spherical, 58. 

solution of plane, 53. 

solution of sphericid, 55. 
Trigonometrical rules, 52. 
Trigonometry, use o^ in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, strengtii o^ 207, 211. 
Turbines, efficiency o^ 269. 

dimensions and figure of, 272. 
Tunnels, arching o^ 188. 

labour of excavation in, 253. 
Turning (see Rotation). 
Twisting, resistance to (see Axles). 

Undershot water-wheels, 269, 271. 
272. 

Value, measures o( 100. 
Valve, safety, 297. 

slide, 298. 
Vaults, stability of (see Aroh). 



Velocities, virtual, principle of, 240. 
Velocitv, measures oi^ 102. 

angular, measures of, 10^. 
Vessels, propulsion of, 274 

resistance of, 274, 303. 

sails of, 275. 

stability of; 275. 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184 
Water-channels, discharge o^ 264 

resistance o^ 257. 

stability of; 268. 
Water, contraction of streams o( 
259. 

demand for, in towns, 268. 

discharge of; from orifices, notohesy 
and luuices, 263. 

expansion o^ by heat, 147. 

flow of, 256. 

gauging, 260. 

head 0% 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure o^ 179. 

ram, 273. 

supply oJ^ by rain-fell, 267. 
Water-pipes, discharge through, 263L 

resistance in, 258. 

strength o^ 268. 
Water-wheels, dimensions and figure 
of, 270. 

efficiency o^ 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open surrent, 

272. 
Wave-lines, area o{, 70. 
Weight, measures o^ 97. 

tables o^ 149. 
Weirs, 261, 265. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength o^ 250. 

teeth o^ 23a 
Wind, action o( on towers and chim- 
neys^ 184 
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Wind, preasmo o( 276. 
Windxmlls, 27a 
Wood (see Fuel: also Timber). 
Work, agaioBt varying resistance, 
242. 

calculation of, 238. 

during; retardation, 245. 



Work, measures o^ 102. 
of acceleration, 245. 
represented by an area, 242L 
usefid and wastefol, 239. 

Works, setting oat, ISa 

Yabs>, standard, 92. 
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sixteen beautiful Engravings on Steel, after eminent Masters. In 4to, 
handsome cloth, bevelled, 12^ 6 ; unique walnut boards, 21/- ; morocco 
antique, 25/- ; morocco extra, 30/- 

nXUSTKATTOMS. 

lloniins .. .. after H. Howakd, RJL The Old Mansioa. .after C. W. RADCLrFPi. 



Tke Cadwdral Choir ^ Lbvaimt. 

Sonset(after Clauds) „ G. Barrbtt. 

Moonlight.. „ Hopland. 

Pastoral Landscape „ C.W. Radclypfs. 
Halt in the Desert „ D. Robbkts, R.A. 
Guardian Angels.. „ H. Howard, R.A. 
The Church Gate ,. C. W. Radclyfpb. 



Ssnsct > > tt G. Bauktt. 

A lloantain Stream » C. Brnwrutr. 

A Ri\-er Scene . . „ C. W. Raoci.tffb. 

A llocntain Lake „ 1. II. W. Tuufsa. 

A Greek Temple. . « D. Robbkts, R.A. 

A ViUage Church ,. C. W. Radcltffb. 

The Wayside Cross „ Tomr Johannot. 

** An EditioD i* Uucg, beaatifally got op admirably adapted for a gift-bodL*— 

JmkmBmU. 

CHRISTIAN YEAR (The). With Memoir of the 

Author by W. Tkiiplb, Poitrait, and Eight Engravings on Steel, 
after eminent Masters. Small 8vo, toned paper. Cl^h gilt, 5/-; 
Morocco, elegant, 10/6 ; unique malachite boards, 12/6. New Edition, 

*** The abore are the only issues of the ** Christian Year,** with Memoir and For* 
trait of the Author, la ofdoiqe, Griffin^s Editions should be specified. 



CRUDEN'S COMPLETE CONCORDANCE TO 

THE OLD AND NEW TESTAMENTS, AND THE BOOKS 
CALLED APOCRYPHAL. Edited and corrected by William 
YouNGiiAN. With fine Portrait of Cruden. Imperial 8vo. Cloth, 
handsome gilt top, 7/6. New Edition. 



DR. DICK'S POPULAR WORKS. 



DICK (Thos., LL.D., F.R.A.S.): CHRISTIAN 

PHILOSOPHER (The); or, The Connection of Science and Philo- 
sophy with Religion. Revited and enlarged. Illustrated with 150 
Engravings on Wood. Crown 8vo, toned paper. Handsomely bound, 
with gill edges, 5/- Tweniy-eighth Edition. 

DICK (Dr.): SIDEREAL HEAVENS (The). 

and other Subjects connected with Astronomy, as illustrative of the 
Character of the Deity, and of an Infinity of other Worlds. Illustrated. 
Crown Svo, toned paper. Handsomely bound, with gilt edges, 5/- 
New Edition* 



RELIGIOUS PUBLICATIONS. 



STANDARD BIBLICAL WORKS, 

THE REV. JOHN EADIE, D.D., LL.D., 

Late Professor of Biblical Literature and Exegesis to the United Presbyterian Church, 
and Member of the New Testament Revision Company. 



This Series has been prepared, on an accurate and scientific basis, to ifford sound and 
necessary aid to the Reader of Holy Scripture. The Four Volumes comprised in it form 
in themselves a Complbtb Library of Rbpbrbncb, Bibucal and Ecclesiastical. 
Number of copies already issued, over a quarter of a million. 



I. EADIE (Rev. Prof.): BIBLICAL CYCLO- 

PiEDIA (A); or, Dictionary of £a8tern Antiquities, Geography, Natural 
History, Sacred Annals and Biography, Theology, and Biblical Liter- 
ature, illustrative of the Old and New Testaments. With Maps pre- 
pared expressly by Messrs. W. & A. K. Johnston, many Engravings, 
and Lithographed Fac-simile of the recently- discovered Moabite Stone, 
with Translation of the Inscription. Large post 8vo, 700 pages. 
Handsome cloth, 7/6; half-bound calf, xo/6; morocco antique, 16/. 
Twentieth Edition. 

"We must regard this Bible Dictionary of Dr. Eadie's as decidedly the best 
adapted for popular use, and have always found it a reliable authority. To the Clergy 
not possessed of large libraries, and to whom the price of books is important, we can 
cordially recommend the present volume."— C/mca/ Journal. 

II. EADIE (Rev. Prof.): CRUDEN'S CONCORD- 

ANCE TO THE HOLY SCRIPTURES. With a Portrait on Steel of 
Alexander Cruden, M.A., and Introduction b>- the Rev. Dr. King. 
PostSvo. Cloth, 3/6: half-bound calf, 6/6; full calf, gilt edges, 8/6; 
full morocco, gilt edges, 10/6. toriy.fourth Edition. 

*0* Dr. £adib*s has long and deservedly borne the repaiation of being tlie COM- 
PLETEST and BEST CONCORDANCE extant. 

III. EADIE (Rev. Prof.): CLASSIFIED BIBLE 

(The). An Analytical Concordance to the Holy Scriptures. Illustrated 
with Maps. Post 8vo. Cloth, bevelled, 8/6; morocco, 17/6. Fijth 
Edition, 

*«* The object of the Classipibd Biblb is to present the entire Scriptures under 
certain distinct and exhaustive Heads or Topics It differs from an ordinary Concord- 
ance in that its arrangement depends not on words, but on subjects. The Reader 
will find, under Fortjr-two different Sections, what the Bible says in relation to 
Doctrine, Ethics, Antiquities, &c. The Verses being printed in full, reference and 
comparison are greatly facilitated. 

" We have only to add our unqualified commendation of a work of real excellence 
to every Biblical student." — Christian Times, 

IV. EADIE (Rev. Prof.): ECCLESIASTICALCY- 

CLOPiEDIA (The) ; A Dictionary of Christian Antiquities, Sects, 
Denominations, and Heresies ; History of Dogmas, Rites, Sacraments, 
Ceremonies, &c.. Liturgies, Creeds, Confessions, Monastic and Religious 
Orders, Modern Judaism, &c. By the Rev. Prof. Eadie, assisted by 
the Rev. Dr. Hart well HoRNE,Ven. Archdeacon Hale, Prof. McCaul, 
and other contributors. Post Svo. Cloth bevelled, 8/6; morocco 
antique, 17/6. Sixth Edition. 

" Our readers will n ^t need to be told that this is a 'comprehensive* work, and we 
mav add that it is one which will be found useful and convenient to a large number nf 
both clergy and lAity."— English Churchman, 



CHARLES GRIFFIN 6- COMPANY'S 



Krr. Pfeor. Eadcx's Wokks — (omiiMtud), 

V. EADIE (Rev. Prof.) : A DICTIONARY OF 

THE HOLY BIBLE ; designed chiefly for the Use of Young Persons. 
I br PtoC. Eadix. With Map and numerous lUus- 



Seatll Svow Qoth, s,6; morocco, gflt edges, 7/6. Seventeenth 




tjhaak the anthor for this result of a labour 
*—L,itermry Gazette, 

YI. EADIE (Rev. Prof.): A COMMENTARY ON 

THE GREEK TEXT OF THE EPISTLE OF ST. PAUL TO 
THE £PHESL\N& Revised throughout and enlarged. Demy 8vo. 
ClKk. 14/ S^emdEdUwm. 

*T&BS%e«dk3se«e«fpco£sM»sle«nuncaadTeseardi. The author seems to have 
nai aiL sa erccy jj ^p j c* ^ that has beca written apoo the Epistle. It is also a work 
m' aafc^caABC ^■^■■*'-. and casts aivch aev Ucht apoa many passages.**— L»<«fafy 

\* A CcxFLXTK Pkospectus of Dr. Sadisms Popular Works for- 
w-iei ^wmdi aai post-free 00 application. 



HENRY (Matthew) : A COMMENTARY on the 

HOLY BIBLE. With Explanatory Notes. In 3 vols., super-royal 
Snx StTOQ^ bound in cloth, 50/- New Edition, 

HERBERT (George) : THE POETICAL 

WORKS OF. With Memoir by J. Nichol, B.A., Oxon, Professor of 
Eb^^ Literature in the University of Glasgow. Edited by Charles 
CowDKX Clarke. Antique keadingrs to each page. Small 8vo. 
Ooth and gold, 3^'- ; morocco antique, 8/- ; malachite, 10/6. 

KEBLE and HERBERT: THE CHRISTIAN 

YEAR, by John Keble, with Memoir of the Author by W. Temple; 
and THE TEMPLE, by George Herbert, with Memoir by Prof, 
N:cHOL, In one vol., 8vo, illustrated, cloth and gold, 7/6. 

KITTOGohn,D.D.,F.S.A.,): The HOLY LAND: 

The Mouniainss Valle>-s and Ri\-ers of the Holy Land; being the Physical 
GeoCTar^O* ^* PAlcstinc. With eight full-page Illustrations. Fcap. 8vo. 
Ck^, 1^ 6. Temti Tkomsand, New Edition, 

*' Contains within a snudl compass a body of most interesting and valuable inlbr- 
matioo." 

KITTO (John, D.D., F.S.A.) : PICTORIAL 

SVN DAY BOOK vThc), Containing nearly two thousand Illustrations 
on Steel and Weed, and a Series of Maps. Folio. Cloth gilt, 30/- 
S^^t^nty^kird Thousands 



RELIGIOUS PUBLICATIONS. 



PALEY (Archdeacon): NATURAL THEOLOGY; 

Or, the Evidences of the Existence and the Attributes of the Deity, 
With Illustrative Notes and Dissertations, by Henry, Lord Brougham, 
and Sir Charles Bell. Many Engravings. One vol., i6mo. Cloth, 4/- 
" When Lord Brougham's eloquence in the Senate shall have passed awayV and bis 
services as a statesman shall exist only in the free institutions which they have helped 
to secure, his discourse on Natural Theology will continue to inculcate imperishable 
truths, and fit the mind for the higher revelations which these truths are destined to 
foreshadow and coninm.— Edinburgh Review, 

PALEY(Archdeacon): NATURAL THEOLOGY, 

with Lord Brougham's Notes and DIALOGUES ON INSTINCT. 
Many Illustrations. Three vols., i6mo. Cloth, 7/6, 

%• This Edition contains the whole of the Original Work, published 
at Two Guineas, with the exception of the Mathematical Dissertations. 

RAGG (Rev. Thomas) : CREATION'S TESTI- 
MONY TO ITS GOD : the Accordance of Science, Philosophy, and 
Revelation. A Manual of the Evidences of Natural and Revealed Re- 
ligion ; with especial reference to' the Progress of Science and Advance 
of Knowledge. Revised and enlarged, with new Appendices on Evolu^ 
tion and the Conservation of Energy, Large crown 8vo. Handsome 
cloth, bevelled boards, 5/- Thirteenth Edition, 

" We are not a little pleased again to meet with the author of this volume in the 
new edition of his far-tamed work. Mr. Ragg is one of the few original writers of our 
time to whom justice is being done." — British Standard, 

[This work has been pronounced "The book of the age," "The best popular Text 
Book of the Sciences," and " The only complete Manual of Religious Evidence Na- 
tural and Revealed."] 

RELIGIONS OF THE WORLD (The) : Being 

Confessions of Faith contributed by eminent Members of every Denom- 
ination of Christians, also of Mahometanism, the Parsee Religion, the 
Hindoo Religion, Mormonism, &c,, &c., with a Harmony of the Christian 
Confessions of Faith by a Member of the Evangelical Alliance. Crown 
8vo. Cloth bevelled, 3/6. New Edition, 

*^* In this volume, each denomination, through some leading member, has expressed 
its own opinions. There is no book in the langua^^e on the same plan. All other 
works on the subject, being written by one individual, are necessarily one-sidec, 
incomplete, and unauthentic. 

SCOTT (Rev. Thomas) : A COMMENTARY ON 

THE BIBLE ; containing the Old and New Testaments according to 
the Authorised Version, with Practical Observations, copious Margint 1 
References, Indices, &c. In 3 vols., royal 4to. Cloth, 63/- New Edition. 

TIMES Qohn, F.S.A., Author of ** Things not 

Generally Known,'* &c.) : 

THOUGHTS FOR TIMES & SEASONS. Selected and compiled 
by John Timbs. Fcap. 8vo. Cloth neat, i/- Second Edition, 

" In a neat and concise form are brought together striking and beautiful passa|^es 
from the works of the most eminent divines and moralists, and political and scientific 
writers of acknowledged z^iWiXy.*^— Edinburgh Daily Review, 



CHARLES GRIFFIN & COMPANY'S 



Scientific Works. 

UrORKS W WIUJAM AITK£N« M.D.. Edin.. F.RS. 

r«i MMip iB *• Aokv IMkal SchMl. Ewmwr a Medieine fcr R.M.'i 
lUM Sn«>^ C Mi i i pMfi y Mcttber off the Itoval Imperial 
<f VxBBiL «f the Swicty €ff M^dKme a^ Natvral HisWy of 
' ~ Sackij off llediciiie oC rimtt»nriiv^|iit} 





The SCIENCE and PRACTICE of MEDICINE. 

ix > «Bk. 4 um* ^KK dofth, vitk a Seed Plate, M a]», and nearly 
'-' ' PMk 3S . Suli Bditim, ikoriamgkly rt^Utd mi 

t of a d<J k « il matter introdoced, the fapoVbhimcs of the 
K nc la mSiv, eqniTalcBt to tkne; a special fount of type 
cast to emabfe tfae pcintcr to p f eacfvc clearness without 
r«» dK te& of tihe vttfk. 

' kkts a dpf te d th iuugboM t the New NoMEMCLATuirs and fol- 
Inrctf ;te Oarca or dAssmcanox of Diseases pablisfaed hy the 
3^ jLi CoLLXwE or niiuuaxs in 1S69. The Diagrams, illastrative 
«r ikr nYBcaJ nii^fo «f badr.4cBiperatne in Febeilb Diseases (which 
w«R 4n«E sa fS« tldpl cdiiaaB oC this woik, in 1863, for the first time 
a a Tci3<^ciak..,kave been, with few exceptions, le-i&awn and cut upon 
aacwmadeL 
Adcccftftl AWvccrrs have also been introduced, wherever it was thought 

t^ftS :^ mv^tcji xcaier the descriptions in the text more intelligible, 
te sAwr:. zc Ub«Kt or cnpcBse has been spared to sustain the well-known 
aeynccvc. ^ thas Work, as " the RcpicsentatiTe Book of the Medical 
Sc«>ae aai Pkacikc of the day.** 



of Hm Press. 

• T»« «^x^ « n »te-.:»iiue coc mi Hi|il>il to tibe reqwrements of tbe Student, 
■aiiMH «t M«*ciae MalicMUit Cholerm is very fnliy dis- 

, r«ifiiHialBi9eaaosateffinimatiaanoctobenet«itkinother 

Wmmo^ «9«waMBa Mr l:m ie lliK. Tke part ob Medical Ceognphy Conns an 

m>n. «^9 <tt*.«r» .-c t>« To:-x3<es We know off ao work ihat comaMK ao aDoch, 

4« «^>^ tu. «nL «-&r«&. .zxcxtttSMB OB all ssbjects conoected with the Sdeoce aod 
f>rw«ior « XoCTCie>'' L mmrK 

' \ l« n-r«flr^.iai«rv vert ct Dr. Aitbea^work The author has onqnestionably 

Mrnn imn: a Mf^nc* W tkir |iUiiiiia> off the tiMBt trahiable kind. The artick on 
vAi»na ^m>iMrforf» *dhp»hemtc>i»^sadsa us l s c to ry ssmmaiy «rf our knowledge 
w^r^io* i>^ «wiwe •^'Ch fc» y«tawoB»d.*— /V«<i/MO*r. 

• < r,-^rhr* ?)::.;» wCzt-'.-tocs ti ea tise is a credit to its Antbor, its Publisher, and to 
F tA >i V\ tivv . . ■ A3.-«ri» as acsntfobie aad hooest digest of tbe opinions and 
•h*. v-r i£ xhe «i.x C^-cr a wi te tfcelf to ns for sterling valoe, width off retrospect, 

\ >* S;^Tv5a~i T*at-B*ik ia the Ea^lish langaaee There is, perhaps, no 

w«^ 'i frvv» -rM;'*^*«»aiue Itc tbe Fractitioeier and StudenL"— £Jis. Medical Journal. 

• ^ ^ ;^t ML^ w*^. j ie i^t {nafidence. that no medical man in India should be 
«• -K«i< tie *Mf.a i^.«»."»*«a *: I>r. Aitica^ 'Science aad Practice of Medicine.' We 
an *>* <fc*.'k i^fc-*«». i«ca«i«e a » tc:^ « aew oMtter. The article on Cholera is by far 
-V, nst« cv«;jvi«.w. bA««s. aad tearaed saiamary off our knowledge rcspecung ihi* 
^ v»-«»* «1i*c4 W *« ajreareii."— Jai»*a Mniu^ Gtuettt, 




Prof, AiTEtN*s Works — (conHnuid.) 

UTKEN (William, M.D,, F.R.S.) : OUTLINES 

OF THE SCIENCE AND PRACTICE OF MEDICINE. A TcxU 
Baok for SitudentSp Crown Svo. Cloih^ bevelled, tt/(t, 

" So ccMvpIeie us Hi form a ufteful work ot reference. Tbe HAttjr:^! bifltory^ of the 
prinopAJ ili5GAae», tht <;tj«^rtei«lic ^igvi by whit^h they oiay be dJitiD^nlE^hed, la^tihcr 
With tKe cherapeutli: kDdJc&tiuns, arc concisely and sy^Btematiciitly Kiven. Tbe book 
cAnnot fail to became a popular ont^ and we cordijUly recomnieriil it to the nptice of 
teachers »Dd siudenia."— i,dMCf^- 

** Well-digrated, cic*r, and well-written' the work o( a man conveftadt with ffvery 
detail of his atibject, and a tko rough master of tbe aft of i^chla^.—Briiish Medical 
JoumaL 

" Students prepai-ing for examiQations will hail it ii« a perfect godaeDd for ita coa- 

"■ la respect of bo Eh the matter contained, and the nriamncr in which it is conveyed^ 

OUT emninatioa has convinced us that nothing couJd be better ,. . We know of no 

summary of the u&e of Electricity ae a means of diaxnoets equal to th&t coTitaimcd 
in tbe Section oa Di&cit&es of tbt Nervou;^ ^y^icmJ^—Mtdico-Chiruf^ai MfView. 

AITKEN(WilHam,M.D,,F,R.S.): The GROWTH 

ll OF THE RECRUIT, and the Young Soldier, with a. view to the 
■ Selection of '^ Growing Lads '^ and their Training, ^icond Edition in 
H ^4*aration^ 

W ■* This little work abould be in the baada of aU inatmcton «f youth, and all etn> 
pioycrs oJ youthful Ubour." — Lanctt, 

AITKEN (William, .M.D, F.R.S.): OUTLINE 

FIGURES OF THE TRUNK OF THE HUMAN BODY. On 
which to indicate the areas of physical ^igns in the Clinical Diagnosis 
of Diseaj^ , For the u ae of Stu dents and Pr^c titifmcrs of M edidnft. ]|/6* 



rSTED (Prof., M.A,, F.R.S.) : GEOLOGY : 

ATREATISEON. (Circle of the Sciences). Crown Svo. Cloth, 3/6. 



ISTED 



(Prof, M.A., F.R.S.) : NATURAL 

HISTORY OF THE INANIMATE CREATION, recorded in the 
Structure of the Earth, the Pldints of tbe Field, a.nd the Atmospheric 
Phenomena. Wif h numcraus Illufetrations. Large p4»$t |£vq. CloLb^,£/6. 

IRD {W., M.D., F.L.S., late of the British 

Museum) : 

THE STUDENT^S NATURAL HISTORY- a DictionaTy of. tb* Na- 
tural Sciences \ Botany, Conchology, Entomology, G^ogy, Miniirsadoi^, 
Palaeontology, and 2oo?ogy. With a Zoological Chart, sii^piw^ng 
the Distribution and Range of Amin«)l Life, and over iw^o hj#i4^ed 
and fifty Illustrations* Demy Svo. Cloth gilt, io;5. 

" The work is a very useful one^ and wiH Contribute, by its clieapnesa and cornpl'^* * 
benaivcncas, to footer tbe odcoditig taste for Natural Sckace." — WA^tmimUf Etlfiem* 



zo CHARLES GRIFFIN & COMPANY'S 

NEW AND IMPORTANT WORK. 
A DICTIONARY OF HYGIENE AND PUB- 

Lie HEALTH. By Alexander Wynter Blyth, M.R.C.S., F.C.S., 
etc.. Analyst for the County of Devon, and Medical OfiBcer of Health 
for the North Devon Combination of Sanitary Authorities. Medium 
8vo, 672 pp., cloth bevelled, with Map, Diagram, and X40 Illustrations, 
Price 28/- 

GENERAL CONTENTS. 

The Work comprises over Seven Hundred Articles, embracing the 
following subjects: — 

I. — Sanitary Chemistry : the Composition and Dietetic Valae 
of Foods, with the latest Processes for the Detection of Adul- 
terations. 
II. — Sanitary Enginberino: Sewage, Drainage, Storage of 

Water, Ventilation, Warming, etc. 
III. — Sanitary Legislation : the whole of the PUBLIC 
HEALTH ACT, 1875, together with sections and portions of 
other Sanitary Statutes, (without alteration or abridgment, 
save in a few unimportant instances) in a form admitting of 
easy and rapid reference. 
IV. — Epidemic and Epizootic Diseases : their History and Pro- 
pagation, with the Measures for Disinfection. 
V. — Hygiene — Military, Naval, Private, Public, School. 
**The work now offered to the public aims at filling a vacant place in English 
sanitary literature, namely, that of a book of reference which, in one volume of con- 
venient size, shall contain the information on sanitary topics at present only to be 
gathered from the perusal of many sei>arate and distinct treatises. It is not in- 
tended solely and entirely for any particular class. Sanitation is imperial— it con- 
cerns everv living unit of the State, and is of equal value to all. Therefore, 
mlthouffh tne special wants of the practical hvgienist^tbe medical officer of health 
and public analyst— have naturally claimed the first place, and received the attention 
whicn their importance demands, the author has throughout endeavoured to render 
intelligible to non-professional readers also, every subject susceptible of such treat- 
mtnir^Bxtract from Author*s Preface, 



Opinions of the Press. 

" The articles on Food and its Adulterations are good, the most recent methods 
of examination being given, and the chemical processes well described."— Lanc^. 

"Avery important Treatise ... an examination of its contents satisfies us 
that it is a work which should be highly appreciated."— Af«<iu:o-CAt>»r^tca/ Review. 

" A work that must have entailed a vast amount of labour and research. . . .* 
Will be found of extreme value to all who are specially interested in Sanitation. It 
is more than probable that it will become a Standard Work in Hygibnb and 
Public Health."— Medical Times and Gazette. 

"Mr. Blyth has ably filled a void in British Sanitary literature. . . . This 
Standard Work . . . indis|)ensable for all who are interested in Public-Health 
matters, and for all Public Libraries."— PM6/tc Health. 

" Contains a great mass of information of easy reference ... a compilation 
carefully made from the best sources. Many of the articles are very good "Sani- 
Ury Record, 

"We can cordially recommend it as a book of reference to all persons interested 
in Sanitation."— /nrfia/i Medical Gazette. 

BLYTH (A. Wynter, M.R.C.S., F.C.S.) : A MA- 
NUAL OF PRACTICAL CHEMISTRY, applied to the Analysis of 
Foods and Detection of Poisons. Crown 8vo. {In Preparation), 



SCIENTIFIC PUBLICATIONS. n 

THE CIRCLE OF THE SCIENCES: 

A SERIES OF POPULAR TREATISES 

ON THE NATURAL AND PHYSICAL SCIENCES, 

And their Applications. 

BY 

Professors Owen, Ansted, Young and Tennant ; Drs. Latham, Edward 

Smith, Scoffern, Bushnan and Bronner; Messrs. Mitchell, Twisden, 

Dallas, Gore, Imray, Martin, Sparling, and others. 

Complete in nine volumes, illustrated with many thousand Engravings on 
Wood. Crown 8vo. Cloth lettered. 5/- each volume* 



Vol. I.— organic NATURE.— Part I. Animal and Vegetable Physi- 
ology ; the Skeleton and the Teeth ; Varieties of the Human Race, 
by Professor Owen, Dr. Latham, and Dr. Bushnan. 

Vol. 2.— organic NATURE.— Part II. Structural and Systematic 
Botany, and Natural History of the Animal Kingdom, Invertebrated 
Animals : by Dr. Edward Smith and William S. Dallas, F.L.S. 

Vol. 3.— ORGANIC NATURE.— Part III. Natural History of the 
Animal Kingdom, Vertebrated Animals : by William S. Dallas, 
F.L.S. 

Vol. 4.— inorganic NATURE.— Geology and Physical Geography 
Crystallography ; Mineralogy ; Meteorology, and Atmospheric Pheno- 
mena, by Professor Ansted, Rev. W. Mitchell, M.A., Professor 
Tennant, and Dr. Scoffern, 

Vol. 5.— practical ASTRONOMY, NAVIGATION, AND NAU- 
TiCAL ASTRONOMY, by Hugh Breem, Greenwich Observatory, 
Professor Young, and E. J. Lowe, F.R.A.S. 

Vol. 6.— elementary CHEMISTRY.— The Imponderable Agents 
and Inorganic Bodies, by John Scoffern, M.D. 

Vol. 7.— practical CHEMISTRY.— Monographs; on Electro- Metal- 
lurgy ; the Photographic Art ; Chemistry of Food and its Adultera- 
tions; and Artificial Light; by George Gore, Birmingham, John 
Scoffern, M.D., Dr. Edward Bronner, Bradford, Marcus Sparling, 
and John Martin. 

Vol. 8.— mathematical SCIENCE.— Philosophy of Arithmetic; 
Algebra and its Solutions ; Plane Geometry ; Logarithms ; Plane and 
Spherical Trigonometry; Mensuration and Practical Geometry, with 
use of Instruments, by Prof. Young, Rev. j. F. Twisden, M.A., Sand- 
hurst College, and Alexander Jardinb, C.E. 

Vol. 9.— mechanical PHILOSOPHY.— The Properties of Matter, 
Elementary Statics; Dynamics; Hydrostatics; Hydrodynamics; Pneu- 
matics; Practical Mechanics; and the Steam Engine, by the Rev. 
Walter Mitchell, M.A., J. R. Young, and John Imray. 



lUGLAS S TELEGRAPH CONSTRUCTION, 

id with the Approval of the Director-Genefal of TeUgraphs in Indld* 

lNual of telegraph construc- 

>N : The Mechanical Elements of Electric Telegraph Engineering. 

the use of Telegraph Engineers and others. By John Chkistie 

iuOLAS^ Society of Telegraphic EngineerSi Ea^at India Government 

jftgraph Department^ &c. With numerous Diagrams- Crown 8vo. 

bevelled, 15/* Steond Edition ^ with Appendices and Copious 

Xf ttaw ready. 

GENERAL CONTENTS. 

Part L — General Principles op Strength and 

Stability, comprising the Strength of Materials; the Dis- 
tribution of Load and Stress in Felegraph Structures, such as 
Poles — simple^ strutted, tied, stayed, coupled, and trussed; 
the Catenary, with application of its Formulas to the cases 
of Wires and Cables; Theory oi" the Submersion of 
Cables, <stc. 

Part II. — ^Properties and Applications of Mate- 
rials, Operations^ awd Manipulatiow, including the Prin- 
ciples and Practice of^ and Numerical Data for, designing 
Simple Structures, such as Poles of Iron and Wood ; lion and 
Wooden Masts — simple and compound; SpeciBcations for 
Wire, &c.; Sol derm g ; Surveying; the Raising of Heavy 
Masts ; Insulating Materials and their Applications, &c. 

Part HI. — Telegraph Construction, Maintenance 

AND Organisation, treating of the Application of the In- 
formation conveyed in Parts I and II. to the case of Combined 
Structures, including the Construction of Overground, Subter- 
ranean, and Subaqueous Lines ; Office Fittings ; Estimating; 
Organisation, &c. 

[♦* Mr. Douilas dcscrvea the thanks of Telegraphic EpgiQcera fi>r the ci^celleat 
^nuftr now before ua . , , , he has ably ^upplii^d an ckistlng want , ^ . , , 
He subject ib trcntcil with great clearness and Juogmeal . . * * gi^i>d practical 
infonnstiOD given in a clears texse sty\c."^RnftiineTiMg. 

"Mr. Dougla&'s work is, we believe, the hr&t of ita kind. , - - The outhorin 
e^'idently » practkal Telegraphic Engineer. .... The amount ol infurmalioa 
given is auca. ae t« render this volume a most useful guide to any one who may be 
engaged in any branch oi Electric^Tetegraph ETi^n^&Tmg."^AtHftt4Xum. 

^' The book is calculated lo be of great service 10 Telegraphic Engincer^i. >. ■ . 
the arratigement is eci judiciaus tha.t with the aid of the fuU table q[ Lonteutt, reference 
t^mny vpecial point uhonld be eaay."^/r0N, 



fRIFFIN (John Joseph, F.R.SO : 

CHEMICAL RECREATIONS: A Popular Manual of Experi- 
metitai Chemistry. With 540 Engravings of Apparatus* Crow» 410* 
Cloth* Tenth Edition. 

Part L Elementary Chemisiry, price 2/- 

Pait II. The Chemii^try of the N on- Metallic Elementa, including a 
Comprehensive Course of Class Experiments, price 10/6. 
Ofi oomplete in one volume, cloth, gik top^ 12/6 



aa CHARLES dRtfiTlN &• COMPANY'S 

THE CIRCLE OF THE SCIENCES, 

In Separate Treatises. Cloth. 



s.d, 
I. AiiSTBD*s Geology and Physical Creograqaiiy • • .26 

•• Brebm *s Practical Astronoiny « « • • .26 

3. Bronnbk and Scopfern's Chemistry «r^ Food aitd Diet . i 6 

4. Bushnan's Physiology of Animal and Vegetable Life . i 6 

5. GoRB*s Theory and Practice of Electro-Deposition . i 6 

6. Imray's Practical Mechanics . ^ • • » • i 6 

7. Jardinb*s Practical Oeometry 16 

8. Latham*s Varieties of the Human Species . • .16 
9* If rrcBBLL ft Tbhnamt^s Cryslallogcaipliy ^ Itfineralogy 3 

10. lfiT€HBLL*sPropertiee6tr Matter aiKl£leneittsry Statics i 6 

11. OwBii*8 Principal Foraos of the Slsslitoii and Uui Teeth, 
ta. ScoppBRN*s Chemistry of Light, Heat atid Electricity 
i|. ScoFFBRN*s Chemistry of the Inorganic Bodies 

14. 8copPBRN*8 Chemistry of Artificial Light * 

15. ScoTPBRN and Lowe*s Practical Meteorology 

16. Smith's Introduction to Botany : Structural ft Systematic 

17. TwisDBM*s Plane and Spherical Trigonemeiiy « 

18. TwiSDEN on Logarithms. . . . « « 
f^ YCKnio*s Elements of Algehnu • . « « 

20. Young's Solutions of Questions in Afgcfbra . 

21. Young's Navigation and Nautical Astrcmomy 
u. Young's Plane Geometry • . # . . 

23. Young's Simple Arithmetic . . 4 4 m 

24. Young's Elementary Dynamics • • • • 
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DALLAS (W. S., FX.S.): 

A POPULAR HISTORY OF THE ANIMAL CREATION : being 
a S>-«tteiiiatic and Popular Description of the Habits, Structure and 
Clastnification of Animals. With coloured Frontispiece and many 
hundred Illustrations. Crown 8vo. Hoth, 8/6. l^ew Edition. 



SCIENTIFIC PUBLICATIONS. 



DOUGLAS'S TELEGRAPH CONSTRUCTION. 

Published with the Approval of the Director-General of Telegraphs in India. 

A MANUAL OF TELEGRAPH CONSTRUC- 

TION : The Mechanical Elements of Electric Telegraph Engineering. 
For the use of Telegraph Engineers and others. By John Christie 
DouoLAS, Society of Telegraphic Engineers, East India Government 
Telegraph Department, &c. With numerous Diagrams. Crown 8vo. 
Cloth, bevelled, 15/- Second Edition, with Appendices and Copious 
Index, now ready, 

GENERAL CONTENTS. 

Part I. — Gbn£ra)l, Principles of Strength and 
Stability, comprising the Strength of Materials; the Dis- 
tribution of Load and Stress in Tdegraph Structures, such as 
Poles-^^impile, strutted, tied, stayed, coupled, and trussed; 
the Catenary, v^ith application of its Formulae to the cases 
of Wires and Cables; Theory of the Submersion of 
Cables, &c. 

Part II. — Properties and Applications of Mate- 
rials, Operations, and ManihjI/ATion, including the Prin- 
ciples and Practice of, and Numerical Data for, designing 
Simple Structures, such as Poles ef Iron and Wood ; Iron and 
Wooden Masts — simple and compeund; Specifications for 
Wire, &c. ; Soldering ; Surveying ; the Raising of Heavy 
Masts ; Insulating Materials and their Applications, &c. 

Part III. — Telegraph Construction, Maintenance 
AND Organisation, treating of the Application of the In- 
formation conveyed in Parts I and II. to the case of Combined 
Structures, including the Construction of Overground, Subter- 
ranean, and Subaqueous Lines ; Office Fittings ; Estimating; 
Organisation, &c. 
" Mr. Douglas deserves the thanks of Telegraphic Engineers for the excellent 

* Manual * now before us .... he has ably supplied an existing want 

the subject is treated with great clearness and judgment .... good practical 
information given in a clear, terse uyle.**-y-BneifueriH^. 

** Mr. Douglas's work it, we believe, the nrst of its kind. , . . The author W 

evidfotly a practical Telegraphic Engineer The amount oi information 

given is sucn as to render this volume a most useful guide to any one who may be 
engaged in any branch of Electric-Telegraph Engineering.** — Athenaum, 

** The book is calculated to be of great service to Telegraphic Eflgiaeers. . . . 
the arrangement is so judicious that with the aid of the full table of contents, reference 
to «B|r special point should be timy"—lron. 



GRIFFIN (John Joseph, F.R.S.) ; 

CHEMICAL RECREATIONS: A Popular Manual of Experi- 
mental Chemistry. With 540 Engravings of ApMfiUus* Crown 4to. 
Cloth. Tenth Edition, 

Part I. Elementary Chemistry, price 2/- 

Put n. The Chemistry of the Non-Metallic ElciiMnt*^ including a 
Comprehensive Course of Class Experiments, prke io/6« 
Or» complete in om volumti, clot)i» gilt top^ i^/S 
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LEAKED (Arthur, M.D., F.R.C.P., Senior Phy- 

sician to the Great Northern Hospital) : 

IMPERFECT DIGESTIQN : Its Causes and Treatment. Post 8vo. 
Cloth, 4/6. Sixth Edition. 

** It now constitutes about the best work on the BuhjecV— Lancet, 

** Dr. Leared has treated a most important subject in a practical spirit and popular 
manner.** — Medical Times and Gazette, 

** A useful manual of the subject upon which it treats, and we welcome it as an 
addition to our Medical Literature.**— Dtf6/tn Quarterly Journal of Medical Science. 



MOFFITT (Staff-Assistant-Surgeon A., of the 

Royal Victoria Hospital, Netley) : 

A MANUAL OF INSTRUCTION FOR ATTENDANTS ON 
THE SICK AND WOUNDED IN WAR. Published under the 
sanction of the National Society for Aid to the Sick and Wounded in 
War. With numerous Illustrations. Post 8vo. Cloth, 5/- 

** A work by a practical and experienced author. After an explicit chapter on the 
Anatomy of the Human Body, directions are given concerning bandaging, dressing of 
sores, wounds, &c, assistance to wounded on field of action, stretchers, mule litters, 
ambulance, transport, &c. All Dr. Moffitt's instructions are assisted by well ezecut«l 
illustrations.** — Public Opinion, 

** A well written volume. Technical language has been avoided as much as possible, 
and ample explanations are afforded on all matters on the uses and management of 
the Field Hospital Equipment of the British Army.**— Standard, 



NAPIER (James, F.R.S.E., F.C.S.): 

A MANUAL OF ELECTRO-METALLURGY. With numerous 
Illustrations. Crown 8vo, cloth, 7/6. Fifth Edition, revised and 
enlarged, 

GENERAL CONTENTS. 



I.— History of the Art. 
II.—Description of Galvanic Bat- 
teries and their Respectivb 
Peculiarities. 
III. — Electrotype Processes. 
IV. — Bronzing. 
v.— Miscellaneous Applications of 
the Process of Coating with 
Copper. 



VI.— Deposition of Metals upon one 

another. 
Vn.— Electro-Plating. 
Vni. — Electro-Gilding. 
IX.— Results of Experiments on the 
Deposition of other Metals as 
Coatings. 
X.— Theoretical Observations. 



** A work that has become an established authority on Electro-Metallurgy, an art 
which has been of immense use to the Manufacturer in economising the quantity cf 

the precious metals absoi bed, and in extending the sale of Art Manufactures 

We can heartily commend the work as a valuable handbook on the subject on which 
it treats." — Journal of Applied Science. 

"The fact of Mr. Napier's Treatise having reached a fifth edition is good 

evidence of an appreciation of the Author's mode of treating his subject A 

ver>' useful and practical little Manual." — Iron. 

^ "The Fifth Edition has all the advantages of a new work, and of a proved and tried 
friend. Mr. Napier is well-known for the carefulness and accuracy with which he writes 
. . . there is a thoroughness in the handling of the subject which is far from general 
in these days . . . The work is one of those which, besides supplying first-cLass 
information, are calculated to inspire invention."—- J^^w^//^ and Watchmaker. 
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NAPIER (James, F.R.S.E., F.C.S.) : 

A MANUAL OF THE ART OF DYEING AND DYEING RE- 
CEIPTS. Illustrated by Diagrams and Numerous Specimens of Dyed 
Cotton, Silk, and Woollen Fabrics. Demy 8vo., cloth, 21/-. Third 
Edition f thoroughly revised and greatly enlarged, 

GENERAL CONTENTS: 

Part I.— HEAT AND LIGHT : 

Their effects upon Colours, and the changes they produce in 
many Dyeing Operations. 

Part II.— A CONCISE SYSTEM OF CHEMISTRY, with special 
reference to Dyeing : 

Elements of Matter, their physical and chemical properties, 
producing in their combination the different Acids, Salts, &c., 
in use in the Dye-House. 

Part III.— MORDANTS AND ALTERANTS : 

Their composition, properties, and action in fixing Colours 
within the Fibre. 

Part IV.— VEGETABLE MATTERS in use in the Dye-House : 
ist. those containing Tannin, Indigo, &c. ; 2ndly, the various 
Dyewoods and Roots, as Logwood, Madder, Bark, &c. 

Part V.— ANIMAL DYES : 

Cochineal, Kerms, Lac, &c. 

Part VI.— COAL-TAR COLOURS : 

Their Discovery, Manufacture, and Introduction to the Dyeing- 
Art, from the discovery of MAUVE to ALIZARIN. 

APPENDIX.— RECEIPTS FOR MANIPULATION : 

Bleaching; Removing Stains and Dyes; Dyeing of different 
Colours upon Woollen, Silk, and Cotton Materials, with 
Patterns. 

" The numerous Dyeing Receipts and the Chemical Information furnished will be 

exceedingly valuable to the Practical Dyer a Manual of necessary 

reference to all those who wish to master their trade, and keep pace with the scientific 
discoveries of the time."— Journal of Applied Science. 

"In this work Mr. Napier has done good service being a Practical Dyer 

himself, he knows the wants of his confreres the Article on Water is a very 

valuable one to the Practical Dyer, enabling him readily to detect impurities, and 

correct their action The Article on Indigo is very exhaustive the Dyeing 

Receipts are very numerous, and well illustrated."— r«*/i/« Manufacturer. 



PHILLIPS (John, M.A., F.R.S., F.G.S., late Pro- 

fessor of Geology at the University of Oxford). 

A MANUAL OF GEOLOGY : Practical and Theoretical. Revised 
and Edited by Robert Etheridqe, F.R.S., F.G.S., of the Museum of 
Practical Geology. {In Preparation). 



3f CSMEJFS GRIFFIX &> COIiPANY^S 

PHn.LIPSJ.A3t3M3r,M.Iiist.C.E.,F.C.S.,F.G.S., 

Tl,fW f%rS OF XETAIXUBGY: A Pkactica] Treatise oo the 
Aai K T*i-Ji?ins VOib tan xbdr Ors. With over two hundred 11- 

GEXOUO. COKTENTS: 

. t Mktaujvsb(»us Moierals, witk 




i «f ifcr iMDBBt of cadi Hetai. ammany prodnctd 

limigiicm ^e Wc rid, o h rw a rf fimi official sources, or, 
: iSoBK \sm aot Wjlo pta c i k a b l e , from utbentic private 




i of AS&&TI1V dK £fcreat Okes, together with 
Bs of MsTAixcBGKiAi. Tkeatmsnt, Comprising : 
IsriK. CaBfti.T, Xirm. ALXvxim , Copper, Tin, Antimony, 
AgtfTT ^ ZiBC. MncrxT. Bismu i h, Lead, Silver, Gold 

M mmtt srfU a^ feHdnar whse Mr. nOOapu has OMdeosed a 
f^daiaiiepiBiTiirilMaiiiir^i WckOTcaoK ' ' 



• Fir 7«ac« wan the Itmed malnr, «1o micht wefl Innre retired with hoooor 
ar Trnnnr n: Us m ukmrnk Ogoi ssooes aW kisfe dk u mc t a m mn anthori^ in Metal- 

wmi. arv'rcxnf: tiie i _ 

vr rx:a^ Sio M jaacia ecfc Tbcre caa be bd rnrwJMe donht that * Element of Metal- 



PIdSpa haa oaadeosed a lam 
■ot oa^ the reanlts of scientific 
( of a Ihn i w i ghl y practical man, 

weO hav« retired with honour 
can aW kisfe ch ai ac tc r aa an anthori^ in Metal- 
i a Mianac Ea^iaeer aad a practical Metallcrgist, 
M of bis tiate to the aocannlation of materials 
I be BD poBsifaie doabt that * Elements of Metal- 
^"ID *'>^ ^ o^iJ.. ? sso^^ far fcf Sxadcats ia Soeacc and Art, as wdl as by Practi- 
ce 'A arta:« jc Mii'a Ta« bandi ed aad ihr pages are devoted exclusively to 

•be KesafiaEXT af ban. ia abkJb cverr p to c e ss ot ■annf atti u e is treated, and the 
iUzK iiiiji I iiaaisni anaaa a i^f <rtaflrd -— €aL*iCTy Ga^frfacs. 

* Tne vaJae cf tba wasik ia ataaaat iaeadanUe. Tberecaabeaoqaestion thatthe 

anttnor: nf zaatKai labaar h LmvwA ea it is caonaoas Tbere is certaunly bo 

ttar.>'u p.fc TnaKisa im tba IsiwafB rakalstrd to prove of sach general utility to 
she Scubesc real!;- aaeUag aoaad practical iafarmatioa apoa the subject, and none 
««<ct p-vt* i..v m u nioiais of ifce c atuau t e mttaDiagical knowledge of iu author." 



PORTER : (Sargcon-Major I. H., Assistant- 

Prj-ies&cc of liilitiuT Sorgeiy in the Army If edical Sdiool, Hon. Assoc. 
oe the Order of St. Joha of Jousalem) : 

THE SUBGEON^S POCKET-BOOK: Aa Essayon tlie Best Treat- 
xrtes: of the Woooded ia War ; fiw which a Prize was awarded by Her 
Mi^esiy the Empress of Germany. Specially adapted to the Public 
Mfi'iCAL Services. With uumuous Illastrations, i6mo, roan, 7/6. 

"^Jl*: S9cb a aioffic as has k>ag been wanted, in which men placed in a novel 
pr» £>ca. cax 6ad cat «K.>cklv atet ia best to be donew W« atron^y recommend it to 
rtTrt oCcet n the PaMac liedkal Scnrioes.'*— /VacH/tba«r. 

" A caer.p^ete t^Jt oMcaa* to gaide tt« militaiy smrgeoo ia ibt Btld."— British 

" A a^ital bttle book ... of the greatest practical valve. ... A surgeon 
with tbss Maaasl ia his pocket brc o iaci a bhw of r eaoaec t a* ^mots,'^'^Westminster 
£nr«rv. 
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SCIENTIFIC MANUALS 

BY 

W. J. MAOQUORN EANKINE, CJB., LL.D., F.R.S., 

Late Regius Professor of Civil Engineering in the University of Glasgow. 



I.— RANKINE (Prof.): APPLIED MECHANICS 

(A Manual of) ; comprising the Principles of Statics and Cinematics, 
and Theory of Structures, Mechanism and Machines. With numerous 
Diagrams. Revised by E. F. Bamber, C.E. Crown 8vo. Cloth, 12/6. 
Ninth Edition. 

" Cannot fail to be adopted as a text-book The whole of the information 

80 admirably arranged that there is every facility for refereaG«.'*'-^Jf M»m^ Journal. 

II.— RANKINE (Prof.): CIVIL ENGINEERING 

(A Manual of) ; comprising Engineering Surveys, Earthwork, Founda- 
tions, Masonry, Carpentry, Metal-work, Roads, Railways, Canals, 
Rivers, Water-works, Harbours, &c With nnnierous Tables and Illus- 
trations. Revised by E. F. Bambbk, C.E. Crown 8vo. Cloth, i6/- 
Twelfth Edition, 

" Far surpasses in merit every existing work of the kind. As a Manual for the 
hands of the professional Civil Engineer it is sufficient and unrivalled, and even when 
we say this we fall short of that high appreciation of Dr. Rankine's labours which wc 
should like to express." — Tht Bmgmur. 

III.— RANKINE (Prof.): MACHINERY AND 

MILL WORK (A Manual of); comprising the Geometry, Motions, 
Work, Strength, Construction, and Objects of Machines, &c. Illus- 
trated with nearly 300 Woodcuts. Revised by E. F. Bamber, C.E. 
Crown 8vo. Cloth, 12/6. Third Edition, 

** Professor Rankine's 'Manual of Machinery and Millwork' Inlly maintains the 
high reputation which he enjoys as a scientific author ; higher i»«i8e it is difficult to 
awurd to any book. It cannot Uii to be a laatem to tba feet of ov«r «ngiDeer."^r/i« 
Engineer, 

IV.— RANKINE (Prof.): The STEAM ENGINE 

and OTHER PRIME MOVERS (A Manual of). With Diagram 
of the Mechanical Properties of Steam, numenups Tables and 
Hlostrations. Revised by E. IP, Bamber, C.E. Cuown 8vo. Cloth, 
12/6. Eighth Edition, 

v.— RANKINE (ProfO: USEFUL RULES and 

TABLES. For ArchitecU, Builders. Carpento^ Coachbuilders, En- 
gravers, Engineers, Founders, Mechanics, Shipbuilders, Surveyors, 
Wheelwrights, &c. Crown 8vo. Cloth, 9/- Fijth Edition, 

"'Uttdoabtediy the snoft iMefttl ofUectioa of wigimwrtfaigis** hitherto produced.**-^ 

VL-^^^^NKINE (Prof.): A MECHANICAL 

TEXT-BOOK. By Professor M acquork Ranxxiib & £. F. Baxber, C.E. 

With numerous Illustrations. Crown 8vo. Cloth, 9/- Second Edition, 

** The work, as a whole, is veey ooasi^ete, and likely to prove iorsluable for fumish- 

inf A iMoftU and reliable outline of the sul^ects treated oi. '^immgJourmU,. 

*«* The MBCHAMiCAX. TBXT-BooK fotms a simple Introduction to nua, BAiuuMa^s sbribs 

of MANUALS on BNOINBBRINO and MBCHANIC8 



iS CHARLES GRIFFIN 6- COMPANY'S 

SHELTON (W.Vincent, Foreman to the Imperial 

Octoiri.m Gvm-Factoncs, Constantinople). 

THE MECHANIC'S GUIDE: A Hand-book for Engineers and 
Art-^^ns. With Copious Tables and Valuable Recipes for Practical 
Use. Illiwtrated. Crown 8vo, doth, 7/6. 



GENERAL CONTENTS 
Past L — ^Axithmetxc 
Pakt II. — Geometry. 
Fast III. — Mens&ratiQii. 
Pazt r\\ — ^Vdocities in Boring 
axhi Wlied-Gearing. 



Part V.— Wheel and Screw- 
Cutting. 

Part VI. — Miscellaneous Sub- 
jects. 

Part VII.— The Steam-Enginc. 

Part VIII. — ^The Locomotive. 



^ Tsx Mkchaxic*^ Gctdk win answer its purpose as completely as a whole series 
ct cL&btinse feext-books.*— if ami^ Jumnud, 

'^ O-^^: to kave a place oa the bookshelf of every mechanic.**— /ro». 

'^ M.ca iastnBCtxon is here siven without pedantry or pretension." — Builder, 

"^ A i:«tf .raJ acn to cverr practical Mechanic.** — Railway Service Gazette. 

*•" Th:s Work is specially intended for Self-Teachers, and places before the Reader 
m Ctfocxac aad sixpie expLaaation of General Principles, together with Illustrations of 
tihor adapcatna to Practical Pwposcs. 

THOMSON (Spencer, M.D.,L.R.C.S-, Edinburgh): 

A DICTIONARY of DOMESTIC MEDICINE and HOUSEHOLD 
SU RG £ RY. Thoroughly revised and brought down to the present state 
ot Mevi.cjil Science. With an additional chapter on the Management 
c: the Sick Room ; and Hints for the Diet and Comfort of Invalids. 
Mjtny Illustrations. Demy 8vo, 750 pages. Cloth, 8/6. Thirteenth 

*" Tb« best and safest book on Domestic Medicine and Household Surgery which 
has xet afpearcd."— I.<MJ(o« Jimmal of Medicine, 

" l^r. Thoaaoa has fully succeeded in convCTing to the public a vast amount of 
«»cr\i: prv«essMaal knowkdge.*— £>»*•*»» Journal of Medical Science, 

"^ Wcrth its wcic^t in gold to families and the dtrgy,"— Oxford Herald, 

WYLDE (James, formerly Lecturer on Natural 

Fh:\^<v>phv at the Pol\'technic) : 

I HI M.\GIC OF SCIENCE: A Manual of Easy and Amusing 
SclvT.r.nc Experiments. With Steel Portrait of Faraday and many 
h u r. J: xrvi En^^vings. Cro^-n Svo. Cloth gilt, and gilt edges, 5/- Third 

** O: priceless ralue to furnish work for idle hands during the holidays. A 
t>xH:sjis>* r*>*terie$ of Modem Science are here unfolded. We Team how to make 
V^\X|:va v«ji*» bo>» to constmct a Galvanic Battery, how to gild a Medal by Electro- 

r.'jktu'ii:. v>r to re^rv>duce one by Electrotyping, how to make a Microscope or take a 
ho(<>4|;i Afh. >ft hue the elements of Mechanics are explained so simply and clearly 
ttuAt trc nfvvst cnmechasical of minds must understand them. Such a work is 
dr»<r\:R^ cf the highest praise."*— Jik* Graphic, 

'* To thx>»e >ftho ne«Ni to be altered into the paths of natural science, by witnessing 
lh«> ^ftvHtJirrtul results that can be produced by well-contrived experiments, we do not 
kiK>w that we ccttld recommend a more useful volume.**— il/Aeii<rtfm. 
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Educational Works. 



3RYCE (Archibald Hamilton, D.C.L., LL.D., 

Senior Classical Moderator in the University of Dublin) : 

VIRGILII OPERA. Text from Heyne and Wagner. English 
Notes, original, and selected from the leading German, American 
and English Commentators. Illustrations from the antique. Com- 
plete in One Volume, fcap. 8vo., cloth, 6/- Twelfth Edition, 

Or, in Three Parts : 

Part I. Bucolics and Georgics • . . . 2/6 

Part II. The iENEiD, Books I.— VI 2/6 

Part III. The -<Eneid, Books VII.— XII. . . 2/6 

" Contains the pith of what has been written bv the best scholars on the subjects 
The notes comprise everything that the student can vf^LtiV—Athenaum, 

" The most complete, as well as elegant and correct, edition of Virgil ever published 
in this co^inlry.^'— Educational Times. 

" The best commentary on Virgil which a student can obtain.**— >Sco/5maff. 

COBBETT (William) : ENGLISH GRAMMAR 

in a Series of Letters, intended for the use of Schools and Young Per- 
sons in general. With an additional Chapter on Pronunciation, by the 
Author's Son, James Paul Cobbett. Fcap, 8vo. Cloth, 1/6. \Tho 
only correct and authorized Edition). 

" A new and cheapened edition of that most excellent of all English Grammars, 
William Cobbett's. It contains new copyright matter, as well as includes the equally 
amusing and instructive ' Six Lessons intended to prevent statesmen from writing in 
an awkward manner.'" — Atlas, 

COBBETT (William) : A FRENCH GRAMMAR. 

Fcap. 8vo. Cloth, 3/6. Fifteenth Edition. 

" ' Cobbett's French Grammar ' comes out with perennial freshness. There are 
few grammars equal to it for those who are learning, or desirous of learning, French 
without a teacher. The work is excellently arranged, and in the present edition we 
note certain careful and wise revisions of the text." — School Board Chronicle, 

" Business men commencing the study of French will find this treatise one of the 
best aids It is largely used on the Continent."-— Af id/ami Counties Herald, 

COBBETT (James Paul) : A LATIN GRAM- 

MAR. Fcap. 8vo. Cloth, 2/- 

COLERIDGE (Samuel Taylor) : A DISSERTA- 

TION ON THE SCIENCE OF METHOD. (Encyclopadia Metro^ 
politana,) With a Synopsis. Crown 8vo. Cloth, 2/^ Ninth Edition. 



TO CHARLES GRIFFIN & COMPANY'S 

CRAIK'S ENGLISH LITERATURE. 

A COMPENDIOUS HISTORY OF ENGLISH LITERATURE AND 
OF THE ENGLISH LANGUAGE from the Norman Conquest. 
With numerous specimens. By George Lillie Craik, LL.D., late 
Professor of History and English Literature, Queen*s College, Belfast. 
In two vols. Royal 8vo. Handsomely bound in cloth, 25/- ; full caif, 
gilt edges, 37/6. Ntw Edition, 

GENERAL CONTENTS. 
Introductory. 
I. — The Norman Period— The Conquest. 

II. — Second English — commonly called Semi-Saacoii. 
III. — ^Third English — Mixed, or Compound English. 
IV. — Middle and Latter Part of the Seventeenth Century. 
^ v.— The Century between the English Revolution and the 
French Revolution. 

VI. — The Latter Part of the Fighteenth Century. 

VII. — The Nineteenth Century: (a) The Last Age of the 

Gboxobs. 

(6) The Victorian Age. 

With numerous Excerpts and Specimens of Style. 

** Anyoae who will take the trouble to ascertain tiM fact, will ind how completely 

even our ^eat poets and other writers of the last generation have already faded from 

the view of the present with the most numerous class of the educated and reading 

pvblic. Scarcer^ anything is generally read cacoept the publications of the day. YiT 

NOTHINO IS MORS CERTAIN THAN THAT NO TRUB CULTIVATION CAN BE SO ACQUIRED. 

This is the extreme case of that entire ignorance of history which has been affirmed, 

not whh more point than truth, to leave a person always a child 

" The present work combines the History op the Literature with the His- 
tory OP the Language. The scheme of the course and revolutions of the Lan- 
guage which is followed here is extremely simple, and resting not upon arbitrary, but 
«pon natural or real distinctions, gives us the only view of tke subject that can claim 
to be r^arded as of a scientific character. "~£;rlnMil/rom theAuthot's Prtface. 

" Prmessor Craik's book going, as it does, through the whole history of the language, 
probablv takes a place tjuite by itself. The great value of the book is its thorough 
comprehensiveness. It is always clear and straightforward, and deals not in theories 
but in facts."— ^S«<«rrf<i> Review. 

CRAIK (Prof.): A MANUAL OF ENGLISH 

LITERATURE, for the Use of Colleges, Schools and Civil Service 
Examinations. Selected from the larg^ work, by Dr. Craik. Crown 
8vo. Cloth, 7/6. Seventh Edition. 

"A Manual of English Literature from to Mpertenced and wdl-read a scholar as 
Professor Craik needs no other recomroetubtticm than the mention of its existence."— 
spectator. 

'* This augmented effort will be, we doid^t not, receivnl with decided appro4>ation 



by those who are entitlni to judge, and studied with much profit by those who want to 

learn If ottr voiing readers will give iicaltby perusal to Dr. Craik's WOTk, they 

will greatly benefit by the wide ana sound views fae has placed before them."- 



CRUTTWELL (Charles Thomas, M.A.) : A 

HANDBOOK OF SPECIMENS OF LATIN AUTHORS (Prose. 
Writers and Poets) from the Earliest Period to the Latest, chimiologi- 
caJly arranged* Ctovn ftxo, IJti PYt^a^i<m\. 
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CRUTTWELL (Charles Thomas, M.A., Fellow 

of Merton College, Oxford ; Head Master of Bradfield College) : 

A HISTORY OF ROMAN LITERATURE, from the Earliest 
Period to the Times of the Antonines. With Chronological Tables 
and Test-Questions, for the Use of Students preparing for Examina- 
tions. Crown 8vo., Cloth, 8/6. Second Edition, 

" Mr. Ckuttwbll has done a real service to all Students of the Latin Language 
and Literature. . . . Full ot |;ood scholarship and good criticism." — Athenaum. 

" A most serviceable— indeed, indispensable— guide for the Student. . . . The 
' general reader* will be both charmed and instructed."— Sattirdajr Riview. 

'* The Author undertakes to make Latin Literature interesting, and he has suc- 
ceeded. There is not a dull page in the volume.'*— ^coi^in^'. 

" The great merir of the work is its fulness and Accnraicy. "—Guardian. 

" This elaborate and very careful work ... in every respect of high merit. 
Nothing at tdl equal to it has hitherto been published in England.*'— Bn^tsA Quarterly 
Review, 



CURRIE (Joseph, formerly Head Classical Master 

of Glasgow Academy) : 

HORATII OPERA. Text from Orbllius. English Notes, original, 
and selected from the best Commentators. Illustrations from the an- 
tique. Complete in One Volume, fcap. 8vo., cloth, 5/- 

Or, in Two Parts : 

Part 1, Carmina 3/. 

Part IL Satires and Epistles .. 3/- 

" The notes are excellent and exhaustive." — Quarterly Journal of Educatum. 

CURRIE (Joseph) : EXTRACTS FROM 

CiESAR'S COMMENTARIES; containing his description of Gaul, 
Britain and Germany. With Notes, Vocabulary, &c. Adapted for 
Young Scholars. i8mo. Cloth, 1/6. Fourth Edition, 

D'ORSEY (Rev. Alex. J. D., B.D., of Corpus Christi 

Coll., Cambridge, Lecturer at King's Coll., London) : 

SPELLING BY DICTATION : Progressive Exercises in English 
Orthography, for Schools and Civil Service Examinations. i8mo. 
Cloth, x/. Fifteenth Thousand. 

FLEMING (William, D.D., late Professor of 

Moral Philosophy in the University of Glasgow) : 

THE VOCABULARY OF PHILOSOPHY: Mental, Moral, 
AND Metaphysical. With Quotations and References for the Use of 
Students. Revised and Edited by Henry Calderwood, LL.D., Pro- 
fessor of Moral Philosophy in the University of Edinbuigb. Crown 
8vo. Cloth bevelled, 10/6. Third Edition^ enlarged, 

** An admirabre book. ... In its present shape vrill be welcome, not only to 
Students, but to many who havtt long since passed out of the cfaMS of Students, 
popularly so calle 1.** — Scotsman. 

^* The additions 'yy the Editor bear in their clear, concise, vigorons expression the 
stamp of his powerful intellect, and thorough command of our language. More than 
ever, the work is now likely to have a prolonged and useful existence, and to facili- 
tate the researches of those entering upon philosophic Studies." — Wukfy Review, 
** A valuable addition to a Studenrs Library."— ToMr^. 
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McBURNEY (Isaiah, LL.D.) : EXTRACTS 

FROM OVID'S METAMORPHOSES. With Notes, Vocabulary, &c. 
Adapted for Young Scholars. i8mo. Cloth, 1/6. Third Edition. 

COBBIN'S MANGNALL: 

MANGNALL'S HISTORICAL AND MISCEL- 
LANEOUS QUESTIONS, for the Use of Young People. By Richmal 
Mangnall. Greatly enlarged and corrected, and continued to the pre- 
sent time. By Ingram Cobbin, M.A. z2mo. Cloth 4/. Forty-eighth 
Thousand. New Illustrated Edition, 

MENTAL SCIENCE: SAMUEL TAYLOR 

COLERIDGE'S CELEBRATED ESSAY ON METHOD; Arch- 
bishop Whatbly's Treatises on Logic and Rhetoric. Crown 8vo. 
Cloth, 5/- Tenth Edition. 



WORKS BY WILLIAM RAMSAY, M.A., 

Trinity College, Cambridge, late Professor of Hamanity in the University of Glasgow. 

A MANUAL OF ROMAN ANTIQUITIES. 

For the use of Advanced Students. With Map, 130 Engravings, 
and very copious Index. Revised and enlarged, with an additional 
Chapter on Roman Agriculture. Crown 8vo. Cloth, 8/6. Tenth Edu 
Hon* 

GENERAL CONTENTS. 
I. — ^The Typography of Rome. 
II. — The Origin of the Roman People ; their Political and Social 

Organization ; Religion ; Kalendar ; and Private Life. 
III. — General Principles of the Roman Constitution ; the Rights of 
Different Classes; the Roman Law and Administration of Justice. 
IV. — The Comitia ; Magistrates ; the Senate. 
V. — Military and Naval Affairs ; Revenues ; Weights and Measures; 

Coins, &c. 
VI. — Public Lands ; Agrarian Laws ; Agriculture, &c. 
" Comprises all the results of modem improved scholarship within a moderate 
compass.— i4 thenaum, 

RAMSAY (Prof.) : AN ELEMENTARY 

MANUAL OF ROMAN ANTIQUITIES. Adapted for Junior 
Classes. With numerous Illustrations. Crown Svo. Cloth, 4/- Sixth 
Edition. 

RAMSAY (Prof.): A MANUAL OF LATIN 

PROSODY. Illustrated by Copious Examples and Critical Remarks. 
For the use of Advanced Students. Revised and greatly enlarged. 
Crown Svo. Cloth, 5/- Sixth Edition. 

" There is no other work on the subject worthy to compete with it." — Athenaum, 

RAMSAY (Prof.) : AN ELEMENTARY 

MANUAL OF LATIN PROSODY. Adapted for Junior Classes. 
Crown 8vo. Cloth, 2|- 
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THE S.CHOOL BOARD READERS: 

A New Series of Standard Reading Books. 
Edited by a former H.M. INSPECTOR of SCHOOLS. 

Recommended by the London School Board. 

And adopted by many School Boards throughout the Country, 

*** aggregate sale, 190,000 COPIES. 



Elementary Reading Book, Part I. — Containing Lessons s, d, 
in all the Short Vowel Sounds. Demy i8mo., i6 pages. 
In stiff wrapper • • . • • • . .ox 

Elementary Reading Book, Part XL — Containing the 
Long Vowel Sounds and other Monosyllables. Demy 
i8mo, 48 pages. In stiff wrapper 02 

Standard I. — Containing Reading, Dictation, and Arith- 
metic. Demy x8mo, g6 pages. Neat cloth . . .04 

Standard II. — Containing Reading, Dictation and Arith- 
metic. Demy i8mo, 128 pages. Neat cloth . .06 

Standard III. — Containing Reading, Dictation and Arith- 
metic. Fcap. 8vo, 160 pages. Neat cloth . . .09 

Standard IV. — Containing Reading, Dictation and Arith- 
metic. Fcap. 8vo, 192 pages. Neat cloth . . . x o 

Standard V. — Containing Reading, Dictation and Arith- 
metic, with an Explanation of the Metric System and 
numeraus Examples. Crown 8vo, 256 pages. Neat 
cloth X 6 

Standard VI. — Containing Selections from the best English 
Authors, chronologically arranged (Chaucer to Ten- 
nyson), Hints on Composition, and Lessons on Scien- 
tific Subjects. Crown 8vo, 320 pages. Neat cloth . 2 o 

Key to the Questions in Arithmetic, in two parts, each o 6 

" The general conception is sound, and the execution praiseworthy. The selections 

seem, on the whole, happily and judiciously made In the sixth and last volume 

we have an excellent chronological selection from our English classics By the 

time the scholar has mastered the Series, he ought to have a fairly suggestive know- 
ledge of English literature. The treatise on composition is brief, but satisfactory; 
and the books generally are very much what we should desire." — Times. 

" The Series is decidedly one of the best that have yet appeared." — Athenaum. 
"There are no better reading-books published. The advanced books are gems. 
The Series reflects great credit on both editor and publisher." — Educational Reporter, 
" The Series has been very carefully and judiciously prepared."— £;iramiM^i'. 
^ " The choice of matter is excellent, and so are the method and style. We begin 
with wholesome stories, poems, and lessons on natural history, brightened with wood- 
cuts; and we go on to matters of general information and useful knowledge in a very 
attractive shape, till we arrive at a point which ought to turn the pupil out into the 
world a good reader, a lover of good reading, and an intelligent member of society." — 
School Board Chronicle. 
%* Each book of this Series contains within itself all that is necessary to 
Hilfil the requirements of the Revised Code^ viz, : Readings Spelling and 
Dictation Lessons ^ together with Exercises in Arithmetic ^ for the whole 
year. The paper ^ type and binding are all that can be desired. 
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THE SCHOOL BOARD MANUALS: 

(pa THE Spbcific Subjects op the Revised Code). 

By a former H.M. INSPECTOR OP SCHOOLS. 

Editor of the '^ Sdioca Bonxd Readers." 

RSCOMMSJIDSD ET THE LOMDON ScBOO(. BOASD, AND USED IN MANY 

Schools thkoughout the Country. 

Pru£ 6d, tmck m stiff wrapper; cloth neat, jd. 

L ALGEBRA.— In this book, which is adapted to Standards IV., 
V. and VI., everything is exphuned (in accordance with the 
Pestalozxian system) upon Jhrst prmcipUs, and the examples 
are, as fiu- as possible, taken fioni eoncrete mimhcTS. Abun- 
dance of examples are given, graduated 1^ easy stages. 

IL ENGLISH HISTORY.^This book is exactly suited to the 
requirements of the Code iot Standards IV., V. and VI. the 
chief events of importance beinggiven in detail, and the general 
landmarks of history in hngL Copious Tables are add^ 

IIL GEOGRAPHY.— Contains all that is necessary for passing in 
Standards IV., V. and VI. 

IV. PHYSICAL GEOGRAPHY.--Coiitents: FIgvue of the Earth 
— Mountain Systems — Ocean Currents — Atmospheric Phe- 
nomena — ^Trade Winds — Distribution of Plants, Animals, and 
Races of Men, &c, 

V. ANIMAL PHYSIOLOGY.^-Contents: Classification of Ani- 
mals — the Human Skeleton — Bones, Muscles, Skin, Hair, and 
Nails — Digestion, Circulation* Respiration, S^::retion, and Nu- 
trition — the Nervous System--tke Senses. Illustrated by good 
Engrawimgs. 

VI. BIBLE HISTORY.— Contents: Names, Divisions, and His- 
tory of the Bible — Analysis of the OM and New Testaments— 
Geography of Palestine — Tables of Bieasores, &c. 

*.* It is k^pMl tked this book mill fravi serviceable in the 
stmdy of the Scriptmres. All controversial points have been care- 
fully mwoided, 

**TKm* sMBpie aad wcfl-cra^nt^d lf«»i»l >, ad«pttd t9 flis rcanjfemefits of the 

New Co4c Are tke MMMt «lesntntary of dBnentary worlis, ami BKtr^m«ly cheap 

Ther are oekxy asdiU, as practical f«id*.kook«, thaa moat of the nare expensive 

'^TbeSenea villavoveavefyrdiablaaad nbaUotial aid to tka taaehttr. . . • 
TKe wiM>)e of tbe Maaaala bear plain avideiice of biiviai|p btaa pr«|Huad by those 
thoftkofhly coarvraant practicaUr wttk tfca work of Wachmg, and of having been re- 
YtMd i^ one able to jndge of the effect af book-tcacMog \f tbe omcial test oi its 
results. In tbe BiUc History Mannal a9 eontrovefaial pointa hava been avoided, 
and. as a groand-work and belp to tl^ stndy of tbe Scripturea, it ia to be warmly 
■ commended.*— WeiZtm Datly Mercury. 

*,* Spefimun copies supplied to Teachers at Half the Published Price and 
fVrfd^v. A Complete Set of Readers and UAjtUAh&on receipt of PJOJO* 
for 6s. id. 
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SENIOR (Nassau William, M.A., late Professor 

of Political Economy in the University of Oxford) : 

A TREATISE ON POLITICAL ECONOMY; the Science which 
Ifcats of the Nature, the Production, and the Distribution of Wealth. 
Crown 8vo. Cloth, 4/- Sixth Edition. {Encyclopadia Metropolitana) 

THOMSON Games) : THE SEASONS. With 

an Ifitfoductiofl and Notes by Robert Bell, Editor of the ** Annotated 
Series ttt British Poets.*' Foolscap 8vo. Cloth, 1/6. Third Edition, 
"An ftdmirftUe introductioa to the study of our Eilt;li«h dasaict.'* 

WHATELY (Archbishop) : A TREATISE ON 

LOGIC. With Synopsis and Index. Crown 8vo. Cloth, 3/. The 
Original Edition, {Encyclopcedia Mstropolitana). 

WHATELY (Archbishop): A TREATISE ON 

RHETORIC. With Synopsis and Index. Crown 8vo. Cloth, 3/6. 
The Original Editiw. (Eneyclopttdia iietropolitatm.). 

"WYLDE (James): A MANUAL OF MATHE- 

MATICS, Pure and Applied. Including Aritbsmtk, Algebra, Geo- 
metry, Trigonometry (Plane and Spherical), Logarithms, Mensuration, 
&c. Super-royal 8vo. Cloth, to/6. 



\*SpHimtn Copies cfall the Bducationat Worts fublUhedhy Messrs. 
Charles Qriffin and Company may he seen at ths Libraries of the 
ColUfre of Preceptors, South Kensington Musmm^ mnd Crystal Palace ; 
also at the depots of the chief Educational Societies. 



a6 CHARLES GRIFFIN S- COMPANY'S 

Works in General Literature. 



BELL (Robert, Editor of the ''Annotated Series of 

British Poets.") : 

GOLDEN LEAVES FROM THE WORKS OF THE POETS 
AND PAINTERS. Illustrated by Sixty-four superb Engravings on 
Steel, after Paintings by David Roberts, Stanpield, Leslie, Stot- 
HARD, Haydon, Cattermole, Nasmyth, Sir Thomas Lawrence, and 
many others, and engraved in the first style of Art by Finden, Great- 
BACH, LiGHTFOOT, &c. 4to. Cloth gilt, 2i/- ; unique walnut binding, 
30/- ; morocco antique, 35/- Second Edition. 

" ' Golden Leaves ' is by far the most important book of the season. The illostra- 
lions are really works of art, and the volume does credit to the arts of Englaod."" 
Saturday Review, 

" The Poems are selected with taste and judgment."— TtWM. 

" The en^^ravings are from drawings by Stothard, Newton, Danby, Leslie, and 
Turner, and it is needless to say how charming are many of the above here given."-' 
Athenaum, 

CHRISTISON (John): A COMPLETE SYS- 
TEM OF INTEREST TABLES at 3, 4, 4* and 5 per Cent. ; Tables 
of Exchange or Commission, Ptofit and Loss, Discount, Clothiers', 
Malt, Spirit and various other useful Tables. To which is prefixed the 
Mercantile Ready Reckoner, containing Reckoning Tables from one 
thirty-second part of a penny to one pound. Greatly enlarged. i2mo. 
Bound in leather, 4/6. New Edition, 



THE WORKS OF WILLIAM COBBETT. 

THE ONLY AUTHORIZED EDITIONS. 

COBBETT (William): ADVICE TO YOUNG 

MEN and (incidentally) to Young Women, in the Middle and Higher 
Ranks of Life. In a series of Letters addressed to a Youth, a Bachelor, 
a Lover, a Husband, a Father, a Citizen, and a Subject. Fcap. 8vo. 
Cloth, 2/6. New Edition. With admirable Portrait on Steel. 

" Cobbett's great qualities were immense vigour, resource, energy, and courage, 
joined to a force of understanding, a degree of logical power, and above all a force of 

expression, which have rarely been equalled He was the most English ot 

Englishmen." — Saturday Review. 

*' With all its faults, Cobbett's style is a continual refreshment to the lover of 
' English undefiled.'"— Pa// Mall Gazette. 

COBBETT (William): COTTAGE ECONOMY. 

Containing information relative to the Brewing of Beer, Making of 
Bread, Keeping of Cows, Pigs, Bees, Poultry, &c.; and relative to other 
matters deemed useful in conducting the affairs of a Poor Man*s Family* 
New Edition, Revised by the Author's Son. Fcap. 8vo, Cloth, 2/6» 
Eighteenth Edition^ 
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William Cobbbtt's Works — (continued). 

. COBBETT (Wm.) : EDUCATIONAL WORKS. 

(See page 19). 

COBBETT (Wm): A LEGACY to LABOURERS; 

An Argument showing the Right of the Poor to Relief from the Land. 
With a Preface by the Author's Son, John M. Cobbett, late M.P 
for Oldham. Fcap. 8vo. Cloth, x/6. New Edition. 

** The book cannot be too much studied just now.**— Nonconformist* 

" Cobbett was, perhaps, the ablest Political writer England ever produced, and his 

influence as a Liberal thinker is felt to this day It is a real treat to read his 

strong, racy language.**— -PM^/tc Opinion, 

COBBETT (Wm.) : A LEGACY to PARSONS ; 

Or, Have the Clergy of the Established Church an Equitable Right to 
Tithes and Church Property ? Fcap. 8vo. Cloth, x/6. New Edition. 

" The most powerful work of the greatest master of political controversy this 
country has ever produced.'*— Pa// MallGaxette, 



COBBETT (Miss Anne): THE ENGLISH 

HOUSEKEEPER ; Or, Manual of Domestic Management. Containing 
Advice on the Conduct of Household Affairs, and Practical Instructions, 
intended for the Use of Young Ladies who undertake the superin- 
tendence of their own Housekeeping. Fcap. 8vo« Cloth, 3/6. 

COOK'S VOYAGES. VOYAGES ROUND 

THE WORLD, by Captain Cook. Illustrated with Maps and numer- 
ous Engravings. Two vols. Super-royal 8vo. Cloth, 30/- 



DALGAIRNS (Mrs.): THE PRACTICE OF 

COOKERY, adapted to the business of Evenr-day Life. By Mrs. 
Dalgairns. The best hook for Scotch dishes. About Fifty new Recipes 
have been added to the present Edition, but only such as the Author 
has had adequate means of ascertaining to be valuable. Fcap. 8vo. 
Cloth, 3/6. Sixteenth Edition. 

" This is by far the most complete and truly practical work which has yet appeared 
on the subject. It will be found an infallible * Cook's Companion,' and a treasure uf 
great price to the mistress of a family."— £dJ»6«rg/» Literary Journal, 

" We consider we have reason strongly to recommend Mrs. Dalgairns' as an 
economical, useful, and practical system of cookery, adapted to the wants of all 
families, from the tradesman to the country gentleman.'*— ^/«c/a/or. 
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D'AUBIGNE (Dr. Merle) : HISTORY OF THE 

REFORMATION. With the Author's latest additions and a new 
Preface. Many Woodcuts, and Twelve Engravings on Steel, iUvstfative 
of the Li£e of Martin Luthbr, after Laboucherb. In one hrge 
volume, demy 4to. Elegantly bound in cloth, 21/- 

** la this edition the principal acton and scenes in the great drama of the Sixteendi 
Century are bcooght vividly before the eye of the reader, hy the skill of the artist and 



DONALDSON Joseph, Sergeant in the 94th Scots 

Beghnent) : 

RECOLLECTIONS OF THE EVENTFUL LIFE OF A 
SOLDIER IN THE PENINSULA. Fcafi. Svo. CkAh, 3/6; gUt 
sides and edges, 4/- Ntm Editiam. 

EARTH DELINEATED WITH PEN AMD 

PENCIL (The) : an Illustrated Record of Voyages, Travels, and Ad- 
ventures all roond the World. Illustrated with more than Two Him' 
dred Engravings in the first style of Art, by the most eminent Artists, 
including several from the master pencil of Gostavb Dok&. Dfmy 
4to, 750 pages. Very handsomely bound, 21/- 



MRS. ELLIS'S CELEBRATED >VORKS 

On the Imfluemcs and Chakactsr of Women. 

THE ENGLISHWOMAN'S LIBRARY: 

A Series of Moral and Descriptive Works. By Mrs. Ellis. fimaU 
8vo., cloth, each volume, 2/6 ; with gilt backs and edges, 3/. 

i.—THE WOMEN OF ENGLAND: Their Social Duties and 
Domestic Habits. Tkiriy-tdnth Thousand. 

2.— THE DAUGHTERS OF ENGLAND : Their Position in 
Society, Character, and Responsibilities. Twentieth Thousand. 

3.— THE WIVES OF ENGLAND: Theh- Relative Duties, 
Domestic Influence, and Social Obligations. Eighteenth Thou- 
sand, 

4.— THE MOTHERS OF ENGLAND : Their Influence and Re- 
sponsibilities. Twentieth Thousand, 

5.— FAMILY SECRETS ; Or, Hints to make Home Happy. Three 
vols. Twenty-third Thousand. 

6.— SUMMER AND WINTER IN THE PYRENEES. Tenth 
Thousand. 

7.— TEMPER AND TEMPERAMENT; Or, Varieties of 
Character. Two vols. Tenth Thousand. 

8.— PREVENTION BETTER THAN CURE; Or, The Moral 
Wants of the World we live in. Twelfth Thousand. 

9.— HEARTS AND HOMES; Or, Social Distinctions. Three 
vols. Tenth Thousand. 
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THE EMERALD SERIES OF 
STANDARD AUTHORS. 

KJInstrated by Engravingfs on Steel, after Stotbard, Lbsue, &avid Ro- 
berts, Stanpield, Sir Thomas Lawrence, Cattermole, &c. Fcap. 
8vo. Cloth gilt. 

\* Particular attention is remsted to this v«fy beautrful seritt. Tile delicacy of 
the engravings, the excellence of the typography, ano the quaint antique h«ad and tail- 
pieces, render them the most beautiful volumes ever issued from the press of this country 
and now, unquestionably, the che«pe«t Of their class. 

BURNS' (Robert) SONGS AND BALLADS. 

With an Introduction on the Character and Genius of Bums. By 
Thomas Carlyle. Carefully printed in antique type, and illustrated 
with Portrait and beautiful Engravings on Steel. Cloth, gilt edges, 3/. 
malachite, 10/6. Second Thousand. 

BYRON (Lord): CHILDE HAROLD'S PIL- 

GRIMAGE. With Memoir by Professor Spalding. Illustrated with 
Portrait and Engravings on Steel l^ Grbatbach, Miller, Liohtfoot, 
&c., from Paintings by Cattermole, Sir T. Laurence, H. Howard, 
and Stothard. Beautifully printed on toned paper. Cloth, gilt edges, 
3/- ; malachite, 10/6. Third Thousand, 

CAMPBELL (Thomas) : THE PLEASURES 

OF HOPE. With Introductory Memoir by the Rev. Charles Rogers, 
LL.D., and several Poemc never before published. Illustrated with 
Portrait and Steel Engravings. Cloth, gilt edges, 3/- ; malachite, zo/6. 
Second Thousand, 

CHATTERTON'S (Thos.) POETICAL WORKS. 

With an Original Memoir by Frederick Martin, and Portrait. Beau- 
tifully illustrated on Steel, and elegantly printed. Cloth, gilt edges, 
3/- ; malachite, 10/6. Fourth Thousand, 

GOLDSMITH'S (Oliver; POETICAL WORKS. 

With Memoir by Professor Spalding. Exquisitely illustrated with 
Steel Engravings. Printed on superior toned paper. Cloth^ gilt edges, 
3/- ; malachite, 10/6. New Edition. Seventh Thousand, 

GRAY'S (Thomas) POETICAL WORKS. With 

Life by the Rev. John Mitford, and Essay by the Earl of Carlisle. 
With Portrait and numerous Engravings on Steel and Wood. Ele- 
gantly printed on toned paper. Cloth, gilt edges, 5/- ; malachite, 12/6. 
Eton Edition, with the Latin Poems. Fifth Thousand. 

HERBERT'S (George) POETICAL WORKS. 

With Memoir by J. Nichol, B.A., Oxon., Prof, of English Literature in 
the University of Gla^ow. Edited by Charles Cowden Clarke. 
Antique headings to each page. Cloth, gilt edges, 3/- malachite, 10/6. 
Second Thousand. 
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Tbb 1^m»»*»»» Sbmbs — (eoHtiniud). 

KEBLE (Rev. John) : THE CHRISTIAN YEAR. 

With Memoir by \V. Temple, Portrait, and Eight beautiful Engravings 
on Steel. Cloth,gilt edges, 5/-; morocco elegant, 10/6; malachite, 12/6. 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by Jambs Hannay. Full-page Illus- 
tntioos after Wehnbrt, Weir, &c. Toned paper. Cloth, gilt edges, 
^'- 1 malachite, 10/6. ThirUenth Thousand, 

Other Volumes in preparation. 



FINDEN'S FINE ART WORKS- 
BEAUTIES OF MOORE; being a Series of 

Portraits of his principal Female Characters, from Paintings by eminent 
Artists, engraved in the highest style of Art by Edward Finden, 
with a Memoir of the Poet, and descriptive letter-press. Folio. Cloth 
gilt, and gilt edges, 42/- 

DRAWING-ROOM TABLE BOOK (The); a 

Series of 31 highly-finished Steel Engravings, with descriptive Tales by 
Mrs. S. C. Hall^ Mary Howitt, and others. Folio. Cloth gilt, and 
gilt edges, 21/- 

GALLERY OF MODERN ART (The) ; a Series 

of 31 highly-finished Steel Engravings, with descriptive Tales by Mrs. 
S. C. Hall, Mary Howitt, and others. Folio. Cloth gilt, and gilt 
edges, 21/- 



FISHER'S READY RECKONER. The best in 

the world. xSmo. Bound, 1/6. New Edition,^ 

GILMER'S INTEREST TABLES: Tables for 

Calculation of Interest, on any sum, for any number of days, at i, i, ij, 
i> -li. 3* 3lt 4< 4i> 5 and 6 per Cent. By Robert Gilmer. Corrected 
and enlarged. lamo. Roan lettered, 5/. Sixth Edition, 

GOLDSMITH'S (Oliver) COMPLETE POET- 

ICAL WORKS. With a Memoir by William Spalding, A.M., Pro- 
fessor of Logic and Rhetoric in the University of St. Andrew's. Portrait 
and numerous Illustrations on Steel and Wood. Fcap. 410. Most 
dttboratcly gill, clo\h, si- 



GENERAL PUBLICATIONS. ' 31 

GRAEME (Elliott) : BEETHOVEN : a Memoir. 

With Portrait, Essay (Quasi Fantasia) " on the Hundredth Anniversary 
of his Birth," and Remarks on the Pianoforte Sonatas, with hints to 
Students. By Dr. Ferdinand Hiller, of Cologne. Crown 8vo. Cloth 
gilt, elegant, 5/- Second Edition ^ slightly enlarged, 

"This elegant and interesting Memoir The newest, prettiest, and most 

readable sketch of the immortal Master of Music."— 3fu5tca/ Standard. 

" A gracious and pleasant Memorial of the Centenary." — Spectator. 

" This delightful little book— concise, sympathetic, iudicxou^.^'— Manchester 
Examiner. * 

" We can, without reservation, recommend it as the most trustworthy and the 
pleasantest Memoir of Beethoven published in England." — Observer. 

" A most readable volume, which ought to find a place in the library of every 
admirer of the great Tont-Poct."^Edinburgh Daily Review, 

GRAEME (Elliott) : A NOVEL WITH TWO 

HEROES. In 2 vols., post 8vo. Cloth, 21/- Second Edition. 

" A decided literary sncctss.^'—Athenaum. 

" Clever and amusing above the average even of good novels free 

from sensationahsm, but full of interest touches the deeper chords of life 

delineation of character remarkably good." — Spectator. 

" Superior in all respects to the common run of novels."— Da«7y News. 

"A story of deep interest The dramatic scenes are powerful almost to 

painfulness in their intensity." — Scotsman. 

HOGARTH : The Works of William Hogarth, in 

a Scries of One Hundred and Fifty Steel Engravings by the First 
Artists, with Descriptive Letterpress by the Rev. John Trusler, and 
Introductory Essay on the Genius of Hogarth, by James Hannay. 
Folio. Cloth, gilt edges, 52/6. 

" The Philosopher who ever preached the sturdy English virtues which have made 
us what we are." 

KNIGHT (Charles) : PICTORIAL GALLERY 

(The) OF THE USEFUL AND FINE ARTS. Illustrated by nu- 
merous beautiful Steel Engravings, and nearly Four Thousand Wood- 
cuts. Two vols., folio. Cloth gilt, and gilt edges, 42/- 

KNIGHT (Charles) : PICTORIAL MUSEUM 

(The) OF ANIMATED NATURE. Illustrated with Four Thousand 
Woodcuts. Two vols., folio. Cloth gilt, and gilt edges, 35/- 

MACKEY'S FREEMASONRY : 

A LEXICON OF FREEMASONRY. Containing a Definition of 
its Communicable Terms, Notices of its History, Traditions, and Anti- 
quities, and an Account of all the Rites and Mysteries of the Ancient 
World. By Albert G. Mackey, M.D., Secretary-General of the 
Supreme Council of the U.S., &c. Handsomely bound in cloth, 5/. 
Sixth Edition, 

"Of Mackey's Lexicon it would be impossible to speak in too high terms ; suffice 
it to say, that in our opinion, it ought to be in the hands of every Mason who would 

thoroughly understand and master our noble Science No Masonic Lodge or 

Library should be without a copy of this most useful work."— j^asontc Nein^. 



3* CHARLES GRIFFIN S- COMPANY'S 

HENRY MAYHEW'S CELEBRATED WORK ON 
THE STREET-FOLK OF LONDON. 

LONDON LABOUR AND THE LONDON 

POOR : A Cyclopaedia of the Condition and Earnings of those that 
will work and those that cannot work. By Henry Mayhew. With 
many full-page Illustrations from Photographs. In three vols. Demy 8vo. 
Cloth, 4/6 each. 

*' Every page of the work is full of valuable information, laid down in go interestiog 
a manner that the reader can never tire."— Illustrated News. 

**Mt. Henry Mayhew's famous record of the habiu, earnings, and taffiKings of 
the London poor."— Lloyd's Weekly London Newspaper. 

*' This remarkable book, in which Mr. Mayhew ga%'e the better classes their first 
real insight into the habits, modes of livelihood, and current of thought of the London 
poor."— f A< Patriot, 

The Extra Volume. 

LONDON LABOUR AND THE LONDON 

POOR : Those that will not work. Comprising the Non-workers, 
by Henry Mayhew ; Prostitutes, by Bracebridob Hemyng; 
Thieves, by John Binny ; Beggars, b^ Andrew Halliday. With 
an Introductory Essay on the Agencies at Present in Operation 
in the Metropolis for the Suppression of Crime and Vice, by the Rev. 
William Tuckniss, B.A., Chaplain to the Society for the Rescue of 
Young Women and Children. With Illustrations of Scenes and Locali- 
ties. In one large vol. Royal 8vo. Cloth 10/6. 

** The work is full of interesting matter for the casual reader, while the philan- 
thropist and the philosopher will find details of the greatest import.'*---Ci/> Press. 

Companion Volume to the above. 

THE CRIMINAL PRISONS OF LONDON, and 

Scenes of Prison Life. By Henry Mayhew and John Binny. Illus- 
trated by nearly two hundred Engravings on Wood, principally from 
Photographs. In one large vol. Imperial 8vo. Cloth, 10/6. 

Contents :— -General View of London, its Population, Size and 
Contrasts — ^Professional London — Criminal London — Pentonville Prison 
—The Hulks at Woolwich— Millbank Prison --The Middlesex House of 
Detention — Coldbath Fields— The Middlesex House of Correction, Tot- 
hill Fields — The Surrey House of Correction, Wandsworth — Newgate 
— Horsemonger Lane — Clerkenwell. 

" This volume concludes Mr. Hen 17 Mayhew's account of his researebes into the 
crime and poverty of London. The amount of labour of one kind or other, 
which the whole series of his publications represents, is sonactfaing alraost in- 
calculable." — Literary Budget. 

*i^* This celebrated Record of Investigations into the condition of the Poor of the 
Metropolis, undertaken from philanthropic motives by Mr. Henky Mayhew, first gave 
the wealthier classes of England some idea of the state of Heathenism, Degradation, and 
Misery, in which multitudes of their poorer brethren languished. His revelations created, 
at the time of their appearance, universal horror i.-*J excitement— that a nation, profes- 
sedly Christian, should have in its midst a vast popi ^^lion, so sunk in ignorance, vice, and 
very hatred of Religion, was deemed incredible, until further examination established the 
truth of the statements advanced. The result is well known. The London of lilr. Mayhew 
will, happily, soon exist only in his pages. To those who uoulu appreciate the efforts 
already made among the ranks which recruit our "dangerous" classes, and whowuulJ 
learn what yet remains to be done, the work will afford enlightenment, not Qnmingled with 
tarpriae. 
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MILLER (Thomas, Author of '' Pleasures of a 

Country Life," &c.) : 

THE LANGUAGE OF FLOWERS. With Eight beautifully-col- 
oured Floral Plates. Fcap. 8vo. Cloth, gilt edges, 3/6. Fourteenth 
Thousand. 

"A book 
la which thou wih find many a lovely sayinif 
About the leaves and flowers.**— Ksats. 

MILLER (Thomas) : THE LANGUAGE OF 

FLOWERS. Abridged from the larger work by Thomas Miller. 
With Coloured Frontispiece. Limp cloth, 6d. Cheap Edition, 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. Full-page Illus- 
trations after Wehnert, Wsir, and others. la paper wrapper, 
Illustrated, 1/6. 



SHAKSPEARE : THE FAMILY. The Dramatic 

Works of WILLIAM SHAKSPEARE, edited and expressly adapted 
for Home and School Use. By Thomas Bowdler, F.R.S. With 
Twelve beautiful Illustrations on Steel. Crown 8vo. Cloth gilt, 10/6 ; 
Morocco antique, 17/6. New Edition, 

%• This unique Edition of the great dramatist is admirably suited for 
home use ; while objectionable phrases have been expurgated^ no rash 
liberties have been taken with the text, 

"It is quite undeniable that there are many passages in Shakspeare which a 
father could not read aloud to his children— a brother to his sister— or a gentleman to 
a lady ; and every one almost must have felt or witnessed the extreme awkwardness, 

and even distress, that arises from suddenly stumbling upon such expressions 

Those who recollect such scenes must all rejoice that Mr. Bowdlbr has provided a 

security against their recurrence This purification has been accomplished with 

surprisingly little loss, either of weight or value ; the base alloy in the pure metal of 

Shakspeare has been found to amount to an inconceivably small proportion 

It has in general been found easy to extirpate the offensive expressions of our great 
poet without any injury to the context, or any visible scar or blank in the composition. 
They turn out to be not so much cankers in the flowers, as weeds that have sprung 
up by their side — not flaws in the metal, but impurities that have gathered on its 
surface — and, so far from being missed on their removal, the work generally appears 
more natural and harmonious without them."— Lord Jeffrey in the Edinburgh 
Review. 

SIIAKSPEARE'S DRAMATIC & POETICAL 

WORKS. Revised from the Original Editions, with a Memoir and 
Essay on his Genius by Barry Cornwall. Also Annotations and 
Introductory Remarks on his Plays, by R. H. Horns aod other eminent 
writers. With numerous Woodcut Illustrations and Full-page Steel 
Engravings, by Kenny Meadows. Three vols., super-royal 8vo. Cloth 
gilt, 42/- Tenth Edition, 

SHAKSPEARE'S WORKS. Edited by T. O. 

Halliwell, F.R.S., F.S.A. With Historical Introductions, Notes 
Explanatory and Critical, and a series of Portraits on Steel. Three 
vols., royal 8vo. Cloth gilt, 50/- 



THE STANDARD DICTIONARY OF 

QUOTATIONS. 

SOUTHGATE (Henry): MANY THOUGHTS 

OF MANV MINDS: bemg a Treasury of Reference, con^iisting of 
Selections from the Writings of the moBt celebrated Authors, compiled 
and analytically arranged by Hemry Southoate, Toned paper, square 
Svo* Cfoth gilt, elegant, la/a; Library Edition ^ half Roxburgh, 14/-; 
morocco antique, 11 j^ Twinty-et^hth Edition. 
" The produce of y«ara of reiearch." — Bxumimr^ 

" Desimed to take k high place aiAong booltB of thi* clws/' — Notes and Qttirus, 
** A treasure to every reader who mAy be fortunate cnangh to possess iV —Engliik 
Jtrurntit 0/ Educaiion. ^m 

'* The accumulation of treasures truly vfondtHul.'^-^MiimiHg H*ratdm ^M 

* This fa a wondroua bcKjk-"— Ddtij/ Nfws. ^| 

" Worth iu w«if ht in gold to literary men," — Bviider. 

SOUTHGATE (Heniy) : MANY THOUGHTS 

OF MANY MINDS* Second Series* Square 8vo, toned paper. 
Cloth gilt, elegant^ 12/6 ; Library Edition, half Roxburgh, 14/- ; mo- 
rocco antique, ir/- Fifth Edition. 

** We are not surprised that & Second Series of this work should have been called 
for. Preachers and Puhllc Speakers will find that it haa special uses for Lhem."— 
£dinbHr^h Daily Review, 

'* Fully sustains the deaerved reputation of the First SeriesH"— Jcftr* BuU. 



THE SHILLING MANUALS. 

By JOHN TIMES, F.S.A., 

Author of " The Curiosities of Lotidon," &c* 

A Series of Hand-Bookaj containing Facts and Anecdotes interesting 
to all Readers. Fcap* 8vo* Neat cloth, one shilling each, Sfcond 
Edition. 

I,— CHARACTERISTICS OF EMINENT MEN. By John Tisibs, 
Bound its neat cloth, price i/* 

"^ tt is impossible to dip into this booklet without findrng something thai 13 new Or 
that will hear repeating," — 3he^eld Daily Tdrgraph^ 

U.— CURIOSITIES OF ANIMAL AND VEGETABLE LIFE. By 
John Times. Neat cloth, price i/- 

'* Has the charm of freshness, beaideB contain tug much curious information.**—' 
Shfj^eld Ttiegfitph. 

III.— ODDITIES OF HISTORY AND STRANGE STORIES FOR 
ALL CLASSES, Selected and compiled by John Timbs, Neat 
cloth, price i/- 

*' The reader ia presented with many curicua tit-btts of history, instructive au^I 

valuable in themselves. ^ an interesting companioti for ipare minutei.^'— 

Edinhtrgh Daily Review. 

IV.— ONE THOUSAND DOMESTIC HINTS on tbe Choice of Pro- 
visions, Cookery and Housekeeping ; New Inventions and Improve- 
ments, and va^rious branches of Household Management. WrilteQ 
and compiled by John Times, Neat cloth, price if- 

"No money is better Buent than what is laid out for domestic ■AtJsraction*''-'^ri 
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TiMBs's Manuals — {continued), 

v.— POPULAR SCIENCE. . Recent Researches on the Sun, Moon, 
Stars, and Meteors; The Earth; Phenomena of L'ife, Sight and 
Sound; Inventions and Discoveries. Familiarly Illustrated. Written 
and compiled by John Times. Neat cloth, pricei/- 

" A very useful little manual." — Sheffield Daily Telegraph. 

" Will be found abundant in much out of the way information on almost every 
conceivable topic, where the popular mind is for the most part in error." — Evening 
Standard. 

VI.— THOUGHTS FOR TIMES AND SEASON.S. Selected and com- 
piled by John Times. Neat cloth; price i/- 

" Contains a very great amount and viariety of out-of-the-way extracts from 
modern and old ^xxXing^."— Mechanic's Magazine, 

" In a neat and concise form, are brought together striking and beautiful passages 
from the works of the most eminent divines and moralists, and political and scientific 
writers ot acknowledged ability." — Edinburgh Daily Review 

Opinions of the Press on the Series. 

" It is difficult to determine which of these volumes is the most attractive. Will 
be found equally enjoyable on a railway journey, or by the fireside." — Mining Journal. 

" These additions to the Library, produced by Mr. Timbs' industry and ability, are 
useful, and in his pages many a hint and suggestion, and many a fact of importance, 
is stored up that would otherwise have been lost to the public.*'— BtttWrn 

" Capital little books of about a hundred pages each, wherein the indefatigable 
Author is seen at his best."— Mechanics' Magazine. 

" Extremely interesting volumts."— Evening Standard. 

"Amusing, instructive, and interesting As food for thought and pleasant 

reading, we can heartily recommend the 'Shilling M&nuals.*"— Birmingham Daily 
(lazette* 



TIMBS (John, F.S.A.) : PLEASANT HALF- 

HOURS FOR THE FAMILY CIRCLE. Containing Popular Sci- 
ence, Thoughts for Times and Seasons, Oddities of History, Charac- 
teristics of Great Men, and Curiosities of Animal and Vegetable Life. 
Fcap. 8vo. Cloth gilt, and gilt edges, 5/- Second Edition, 

" Contains a wealth of useful reading of the greatest possible variety."— P/ymow^/i 
Mercury. 

VOICES OF THE YEAR (The) ; Or, the Poet's 

Kalendar. Containing the choicest Pastorals in our Language. Pro- 
fusely Illustrated by the best Artists. In bevelled boards, elaborately 
ornamented and gilt, 12/6. 

WANDERINGS IN EVERY CLIME; Or, 

Voyages, Travels, and Adventures All Round the World. Edited by 
W. F. AiNswoRTH, F.R.G.S., F.S.A., &c., and embellished with up- 
wards of Two Hundred Illustrations by the first Artists, including 
several from the master pencil of Gustave Dore. Demy 4to, 800 
pages. Cloth and gold, bevelled boards, 21/- 



riKST SERIES.— TWENTY-EIGHTH EDITION. 
SECOND SERIES.— FIFTH EDITION. 



MANY THOUGHTS OF MANY MINI 

A Treasury of Beferdnca, consisting of Selections &om tlie Writings of the 
Cdebrated Anthors. TJSST & SECOND SEBIES. Oompiled & Analytically Ai 

By BENBT SOUTHGATR 



In Square %vo., elegantly printed on toned paper. 
Presentation Edition, Cloth and Gold ... 12s. 6d. each voli 

Ubrary ddition, Half Bound, Boxborghe .- 148. „ 

Do.y Morocco Antique 21s. „ 

Each Series it complete in itself ^ and sold separately. 



•••JTAWTTnouonrs/* &c, are evidently the pro- 
dHOe of years oi research. We look up any subject 
tinder the ran, and arc pretty sure to find something 
that has been said— generally taell said— upon it." — 
£jramiMer, 

** Many beautiful example? of thought and style 
•re to be found amoni; the' selections."— Z^acftT*. 

" There can be little doubt that it is destined to 
take a high place aniong books of this clasa"— i^o^ 
and Queries. 

** A treasure to every reader who may be fortunate 
enough to possess it. 

Its perusal is like inhaling e»sences ; we have the 
cream only of the great antliors quoted. Here all 
are seeds or gems."— English Journal of Education. 

"Mr. Southgate's reading will be found to extend 
over nearly the whole known field of literature, 
ancient and modern,'— G^e-M/Zewan'* Magazine. 

"Here is matter suited to all tastes, and illustrative 
of all opinions ; morals, p ilitics, philosophy, a>id solid 
Infuriiiation. We have no hesitation in pronouncing 
it one of the most important books of^the season. 
Credit is due to the publishers for the el^ance with 
which the work is got ui), and for the extreme 
beauty and correctness of the typography."— i/orntnflr 
Chronicle. 

*' Of the nnmeroufl volumes of the kind, we do not 
remember having mot \vit,h (me in which the selection 
was more jndirious, or the accumulation of treasures 
BO truly wnjxiorlul." — Morning Herald. 

"Mr. f>o;.tiiKate appears to have ransacked every 
nook unii" corner for gems of thought."— Allen's Indian 
Mail. 

" 'i'lio FPlcction of the extracts has been made with 
tOBto, ju(l;;uu'nt, and critical meaty."— Morning Post. 

"Ihis is a wondrous book, and contains a great 
many pen. a of tliought."— Z>.m/|/ Elites. 

'As a work of reierenc. it will be an acquisition 
*j any man's librtiry." -Puhliffii'r's Circular. 

"Tliis volume; contans more gems of thought, rc- 
fincil i-entiiiicntR, noblo nxiom-:, and extractaWo 
eontence?, t'.uin have evf r betoro been brought together 
in our langiifu-o."— y/*e Fi,k/. 

" WjH be i.mnd to be worth its weight in gold 
by literary men."— The Builder. 

*' All that the poet has described of the beautiful in 

pature and art ; all the wit that has flashed from 

pregnant minds; all the axioms of experience, the 

collected wisdom of philosopher and sage, axegartvetcd 

MDto one heap ot nseful and well-arranged vostoxotiou 

9mi mmuaemenV*-^The Era, 



"The mind of abnost all natfona and •( 
world is recorded here." — John Bull. 

** This is not a law-book ; but, departbi 
usual practice, we notice it because it L 
be very useful to lawyers." — Law Times. 

" The collection will prove a mine, rich 
Lau<itible, to those in search of a qnotati 
Journal. 

"There is not^ as we have reason to kn(r 
trashy sentence in this voluma Open whet 
every page is laden with the wealth of p 
thought, and all aglow with the loftiest insp 
genius. To take this book into our hands isl 
down to a grand conversazione with tl: 
thinkers of all ages."— 5tar. 

"The work of Mr, Southgate far outstrips 
of its kind. To the clergyman, the author, 
and the essayist, 'Many Thoughts of Mai 
cannot fail to render almost incalculable i 
Edinburgh Mercury. 

" We have no hesitation whatever in desc 
Southgate's as the very best book of the cla 
is positively nothing of the kind in the Ian 
will bear a moment's comparison with it,"— 
Weekly Advertiser. 

"There is no mood in which we can 
without deriving from it instruction, conso 
amusement. We heartily thank Mr. Soutl 
book which we shall regard as one of our b 
and companions."— Cfermft/iVif/e Chronicle. 

"This work possesses the merit of \)em\ 
flcent gift-book, appropriate to all times an 
a book calculated to be of use to the sc 
divine, or the public man." — Freemason's 

"It is not so much a book as a libraffr 
tiowB:'— Patriot. 

" The quotations abound in that thought 
the mainspring of mental exercise.*' — Lirerp<f 

" For purposes of apposite quotation, it ( 
sarpasscd."— Bristol Times. 

"It is impossible to pick out a single p 
the work which does rot, ujwn the face of 
its selection by its intrinsic merit."— D>rpi 

" We are not surprised that a Second Seri 
work should have been called for. Mr. £ 
has the catholic tastes desirable in a gow 
Preachers and public speakers will find th 
special uses for them," — Edinburgh Daily fi«i 

"The Second Skries fully sustains the 
"tcpQL\a.\kiiu.ciL \jQa"S"YR,\J' — Joftn Butt, 



r^T\Ttl."EB GIll"S^^i:S. & C^'^'CSkS.'t. 



